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ABSTRACT 

The TC59 Drive Function Timer (DFT) program is an aid in the hardware debugging and 
maintenance of the TC59 Magnetic Tape Control (MTC) and its associated magnetic tape 
drives. The program will operate on any configuration of 1 to 8, 45 or 75 in. per second 

7 or 9 track drives . 

Selected operations are initiated, timed and the times are then typed in decimal ps. 
There is no limit checking on times by the program, the decisions on the validity of times 
typed must be made by the person operating this test. 



2 -° MBMIMMIMi 

2.1 Equipment 



PDP-9or PDP-9L 

TC59 Magnetic Tape Control 

1 to 8 TU20 7 or 9 Track or Similar Magnetic Tape Transports 

2.2 Storage 

The program occupies most of memory from address 200 to 4000 and utilizes a Write Buffer 
area 12229 to 12525 and a Read Buffer area 12525 to 152527 " 

2.3 Preliminary Programs 

The TC59 control test should run in its entirety before attempting to run the TC59 DFT 

program , 

3.0 PROCEDURES 

3.1 Loading Procedure 

a. Place the ABS Binary tape in the paper tape reader 

b. Set the ADDRESS to 17720 
c , Press IO RESET 

d, Press READ IN 



3,2 Starting Procedure 

3,2,1 Control Switch Settings - 



a. Drive Selection - Any Configuration of 1 to 8 (7 or 9 track) drives may be 

selected VIA the Switch Register Bits to 7 and 10 to 17. Each bit is a master 
bit for selection of a drive. When the switch is a 1 , the drive is selected; when 
a 0, the drive is not selected. Switch is Drive 0; Switch 1 is Drive 1, etc., 
until Switch 7 is Drive 7, 

Any configuration except all 0s is valid. For the 9 track option, Switches 
10 - 17 are used as master bits. SW10 is the master bit for Drive and SW17 is 
the master bit for Drive 7. The SW=0 is 7; track=l is 9 track. 



b. Machine Cycle Time 

AC SWO = 1 PDP-9 1.0 M s cycle time 

AC SW1 = 1 PDP-9 (Parity) 1 .2 M s cycle time 

AC SW2 = 1 PDP-9L 1 .5 ps cycle time 

3 * 2 ' 2 Starting Address - The starting address of the TC59 DFT is 0200. 

3.2.3 Progrcsm and/or Op£££to£Action - 

a. Set the ADDRESS to 0200 

b. Set the AC Switches to select drives (Ref. 3.2.1 a.) 
c . Press I/O RESET 

d. Press START. The program will read the switches, test SWO to SW7 for non-zero and 
halt at address 0204 if no drives were selected. Select drive per step b. and press 
CONTINUE. If a drive (s) was selected the program will halt at address 021 1 

e. Clear all AC Switches 

f . Set AC SWO, 1 , or 2 to indicate correct machine cycle time (Ref. 3.2. 1 .b) 

g. Set AC SW4 as desired (Ref. 3.3.1) 

h. Press CONTINUE; the program will rewind all drives to BOT, initiate selected 
operations, and type out accumulated times in decimal ps . 

3.3 Operating Procedure 

3.3.1 Operational- Switch Settings - 

The test only has 1 switch option 

SW3=1 is halt at end of test 

SW3=0 is repeat all tests on drives currently selected. 

4.0 ERRORS 

This program has no internal error detection and, therefore, no actual error typeouts 
or error halts. The final determination on the validity of function times typed out is left 
to the discretion of the operator. Inconsistencies in the times typed, however, should 
indicate specific failures in the control and/or drive. Initially, most of the function times 
typed by this program appeared to be accurate within .1% of the times expected on a 
45 in per second TU20. There are two exceptions to this case: 

FWD DECELERATION 
BKW DECELERATION 

4.1 Typical TU20 Function Times 

The following typeout examples are typical of the function times expected from a 
45 IPS TU20 timed on a standard (No Parity Option) PDP9. For the typeout examples 

used, Drive is a 9 track drive. 



Type-out 



Reference Section 



Comment' 



DRIVE 






TIME 


FUNCTION 




181398 


WRITE LOAD POINT DELAY 


5.1 


003600 


WRITE SHUT DOWN 


5.2 


010724 


WRITE START 


5.3 


005340 


SETTLE DOWN 


5.4 


DRIVE 3 






TIME 


FUNCTION 




181391 


WRITE LOAD POINT DELAY 


5.1 


003600 


WRITE SHUT DOWN 


5.2 


010724 


WRITE START 


5.3 


004840 


SETTLE DOWN 


5.4 


DRIVE 5 






TIME 


FUNCTION 




182212 


WRITE LOAD POINT DELAY 


5.1 


003600 


WRITE SHUT DOWN 


5.2 


011738 


WRITE START 


5.3 


005080 


SETTLE DOWN 


5.4 


DRIVE 






TIME 


FUNCTION 




000075 


WRITE TO ERASE HEAD 


5.5 


DRIVE 3 






TIME 


FUNCTION 




012915 


WRITE TO ERASE HEAD 


5.5 


DRIVE 5 






TIME 


FUNCTION 




013360 


WRITE TO ERASE HEAD 


5.5 



Settle down is too long 



Settle down is too short 



Count is 1 ms long 

Count is also 1 ms long 
Settle down adjusted properly 



Type is not being erased 



The difference in times between 
3 and 5 is due to the physical 
positions of the erase head . 
Both times are acceptable. 



DRIVE 








TIME 


FUNCTION 






014310 


WRITE NONSTOP GAP 


5 


.6 


006260 


BKSP SHUT DOWN 


5 


.7 


002700 


READ SHUT DOWN 


5 


.8 


DRIVE 3 








TIME 


FUNCTION 






014310 


WRITE NONSTOP GAP 


5 


.6 


006260 


BKSP SHUT DOWN 


5 


.7 


002700 


READ SHUT DOWN 


5, 


.8 



T 



ypeouf 



Reference Section 



DRIVE 5 




TIME 


FUNCTION 


015210 


WRITE NONSTOP GAP 5.6 


006260 


BKSP SHUT DOWN 5.7 


003600 


READ SHUT DOWN 5.8 


DRIVE 




TIME 


FUNCTION GAP CONSISTENCY 


017820 


GAP 1 


015275 


GAP 2 


014190 


GAP 3 


020255 


GAP 4 5.9 


022615 


GAP 5 


025430 


GAP 6 


027740 


GAP 7 


030955 


GAP 8 


DRIVE 3 




TIME 


FUNCTION GAP CONSISTENCY 


021010 


GAP 1 


019405 


GAP 2 


018355 


GAP 3 


027005 


GAP 4 


032725 


GAP 5 5.9 


038335 


GAP 6 


044520 


GAP 7 


049805 


GAP 8 


DRIVE 5 




TIME 


FUNCTION GAP CONSISTENCY 


022020 


GAP 1 


019730 


GAP 2 


019945 


GAP 3 


028385 


GAP 4 5.9 


034730 


GAP 5 


041065 


GAP 6 


046635 


GAP 7 


051485 


GAP 8 


GAPS 1 >2 


3<1 OR 2 8>7>6>5>4>!OR2 


DRIVE 




TIME 


FUNCTION 


010740 


WRITE START 


DRIVE 3 


5.3 


TIME 


FUNCTION 


010745 


WRITE START 5.11 



Comment 



Count is again 1 ms long 
Count is again 1 ms long 
Read shut down must be less 
than Write 



Since the read and write 
heads are physically closer 
together on a 9 track TU20, 
gap sizes will be smaller 
than on a 7 track driver. 



Since write start counts are 
incorrect on this drive, the 
gaps sizes will not agree with 
drive 3 . 



These typeouts prove that tape 
does not drift backwards to BOT 
after an IO Power clear. 



Typeouf 



Reference Sectic 



Comment 



DRIVE 5 




TIME 


FUNCTION 


011740 


WRITE START 


WRITE XIRG TIMES 


TIME 




096075 


DRIVE 


096055 


DRIVE 3 


096065 


DRIVE 5 


READ FROM BOT DELAYS 


TIME 




086300 


DRIVE 


086285 


DRIVE 3 


086290 


DRIVE 5 


LAST CHAR INPUT TO MTF 


TIME 




000946 


DRIVE 


000947 


DRIVE 3 


000944 


DRIVE 5 



5.10 



5.11 



5.12 



WRITE EOF TIMES 

TIME 

100455 DRIVE 

103641 DRIVE 3 

103620 DRIVE 5 



DRIVE 
TIME 
009411 
002700 



DRIVE 3 
TIME 
1 06872 
002700 



5.13 



FUNCTION 

EOR TO EOF SP TIME STATUS=000100 

SPACE SHUT DOWN 5.15 



FUNCTION 

EOR TO EOF SP TIME STATUS=410100 

SPACE SHUT DOWN 5.16 



Again, for the nine track drive, 
the read and write heads are 
closer together than the 7 track 
drive. The write EOF time will 
be somewhat less on the 9 track 
drive . 

There is an apparent erase head 
problem with Drive 0. In con- 
junction with the write to erase 
head failure, it would appear 
that tape was not being saturated, 



DRIVE 5 
TIME 
106548 
002700 



FUNCTION 

EOR TO EOF SP TIME STATUS=410100 

SPACE SHUT DOWN 



DRIVE 3 

TIME 

181380 

020645 

003600 

006260 



FUNCTIONS AT 556 BPI 

WRITE LOAD POINT DELAY 5.1 

ONE INCH DATA TIME 5.14 

WRITE SHUT DOWN 5.2 

BKSP SHUT DOWN 5.7 



556 and 200 BOI tests are not 
made for 9 track drives. Note 
that Write Load Point, Write 
start (200) and Read shut down 
are still 1 count long on drive 5. 



Typeouf 



Reference Section 



Comment 



000956 


LAST CHAR IN TO MTF 


5. 


.12 


002700 


READ SHUT DOWN 


5, 


.8 


DRIVE 5 








TIME 


FUNCTIONS AT 556 BPI 






182410 


WRITE LOAD POINT DELAY 






022130 


ONE INCH DATA TIME 






003600 


WRITE SHUT DOWN 






006260 


BKSP SHUT DOWN 






000962 


LAST CHAR IN TO MTF 






003600 


READ SHUT DOWN 






DRIVE 3 








TIME 


FUNCTIONS AT 200 BPI 






010985 


WRITE START 


5, 


.3 


022260 


ONE INCH DATA TIME 


5, 


.14 


003600 


WRITE SHUT DOWN 


5. 


.2 


006260 


BKSP SHUT DOWN 


5. 


.7 


001165 


LAST CHAR IN TO MTF 


5, 


.12 


002700 


READ SHUT DOWN 


5, 


.8 


DRIVE 5 








TIME 


FUNCTIONS AT 200 BPI 






011995 


WRITE START 






022260 


ONE INCH DATA TIME 






003600 


WRITE SHUT DOWN 






006260 


BKSP SHUT DOWN 






001118 


LAST CHAR IN TO MTF 






002700 


READ SHUT DOWN 






DRIVE 








TIME 


FUNCTION 






002960 


FWD ACCELERATION 


5. 


.17 


000834 


FWD DECELERATION 


5, 


.18 


DRIVE 3 








TIME 


FUNCTION 






002810 


FWD ACCELERATION 






001158 


FWD DECELERATION 






DRIVE 5 








TIME 


FUNCTION 






003060 


FWD ACCELERATION 






001050 


FWD DECELERATION 






DRIVE 








TIME 


FUNCTION 






000415 


FWD DECELERATION 
(CALCULATED) 


5. 


,18 



Typeout 



Reference Section 



Comment 



001803 


BKW DECELERATION 


5.19 


000857 


BKW DECELERATION 
(CALCULATED) 


5.19 


DRIVE 3 






TIME 


FUNCTION 




001205 


FWD DECELERATION 
(CALCULATED) 




002004 


BKW DECELERATION 




001057 


BKW DECELERATION 
(CALCULATED) 




DRIVE 






TIME 


FUNCTION 




001205 


FWD DECELERATION 
(CALCULATED) 




002004 


BKW DECELERATION 




001057 


BKW DECELERATION 
(CALCULATED) 




DRIVE 5 






TIME 


FUNCTION 




000770 


FWD DECELERATION 
(CALCULATED) 




001932 


BKW DECELERATION 




000988 


BKW DECELERATION 





(CALCULATED) 



5.0 



END OF TIMING 

DESC^TION 

The TC59 DFT program is a combined diagnostic testing control and tape unit functions 
that may interact with each other. The following paragraphs are descriptions of the functions 
timed (9, X.I), the program procedure to time these function (9.X.2), the drive and/or 
control failures that can effect the times expected (9.X.3), and the accuracy (or inaccura- 
cies) within the timing loop for that particular test (9.X.4). 

Write Load Point Delay 

Purpose of Write Load Point Delay - The write from Load Point Delay is the time necessary 
for tape to move the Load Point Marker (LPM) from the Load Point Photocell to the Write 
Head (WH) and then approximately 6 in past the Write Head. The first record on tape must 
be written at least 6 in past the Load Point Marker. 

5.1 .2 Program Proce dure to Time Write from Load Point - First, all drives selected are rewound to 

Load Point and the program generates an all 1 's pattern in the write buffer area. From Load 
Point, a write, odd parity at 800 BPI command is executed. The Write command is loaded 
CA and WC are set up. The MTGO IOT is issued. Immediately after the MTGO IOT, the 
TC59 does the following: 



5.1 
5.1.1 



( 



a , Gets the; Write from BOT count for the drive selected 

b. Sets the Date Flag to request the first word be output 

c. Starts Tape Motion on the selected drive 

d. Starts to count out the Write from BOT delay utilizing the 800 BPI clock 
coming back from the selected drive 

e. When the write from BOT delay is counted out, it starts to write the first word. 
When the first word is written, the data flag is set and the second word is outputted 
from the computer to the TC59, 

Meanwhile, the program is monitoring the Current Address contents waiting for if to indicate 
that the second wore! is output, and incrementing a loop count everytime that it finds the 
second word is not output. 

The time from MTGO until the second word is output about equals the WRITE from BOT 

Delay Count, 

5 • ' • ^ ^£ilHI e l. li]£t May E ffect WRITE BOT Delays - 

a , TC59 MUC does not operate correctly . 

h. Selected drive does not transmit the right count back to the TC59. 

c. 800 BPI Clock is at the wrong frequency. 

d. TC59 Timing Buffer operates and/or loads incorrectly. 

5, I .4 Accuracy - The timing loop which loses 6 cycles because of 2 data breaks, is itself 7 cycles 

and could lose up to 11 cycles. The program cannot sense that the delay is over until the 
second word is output, and the time necessary to write the first word will be reflected in 
the time typed. Also, the MTGO IOT is not initially synchronized with the 800 BPI Clock 
coming from the selected drive and the time typed may have an additional variation of 
1 clock , 

5.2 Write Shut Down 

-5-2. 1 1yiEPJ^_2^ Write Shut down -The Write Shut Down count is necessary to keep tape moving 

after a written record so that the correct interrecord gap will exist on tape between records. 

5.2.2 Program Procedure to Time Write Shut Down - The program times the Write Shut Down 
leql]^ncynfr3rTTTRe~same recTDrTdTJse^TTonTme^Wrife from Load Point Start. The Write Shut 
Dawn period timed by the program is that period of time from when the MTF goes to a 1 

until the Control Unit becomes ready. 

5.2.3 Failures that May Effect Write Shut Down 

a. TC59 MUC does not operate correctly 

b. Selected transport does not transmit the correct count to the TC59. 

c. 800 BPI Clock is not at the correct frequency. 

d. MTF sets at an incorrect time. 

5.2.4 ^ c _£ii r £ c X °'" Write Shut Down - Write Shut Down is timed with a 20 cycle loop, the 
program waits for the MTF in a 5 cycle loop. 



5.3 Write Start 

5 - 3 - 1 Purpose of Write Start Count - The Write Start Count is the length of time necessary for 

tape to: start moving; come fully up to speed and move far enough at full speed to 
guarantee that a 3/4 in. interrecord gap will be written if the last operation was a read 
or space forward . 

5.3,2 Program Procedure to Time Write Start - The program utilizes the same procedure to time 

WTtTTtlJrT^riFdlTwrite from Load Point. The time from MTGO until the second word is 
output will reflect the Write Start Time. 

5 .3 .3 Failures That M ay Effect Write Start - 

a . TC59 MUC 

b. Selected Drive transfers Incorrect Write Start Count 

c. 800 BPI Clock in the selected drive is at incorrect frequency. 

5,3.4 Accuracy of Write Start Timing - Timing loop loses 6 cycles because of 2 data breaks. The 

l^r7TtTeTf™173TycTeTrThTl^rGO IOT is not synchronized with the 800 BPI clock coming 
from the selected drive and the time typed may have an additional variation of 1 clock time, 

5.4 Settle Down Delay 

5.4.1 Purpose of Settle Down Delay - Tape does not actually stop moving until some period of 
time after the shut down counts are timed out. Also, after tape has been fully stopped, an 
additional period of time is necessary for the tape itself and motion hardware in the drive 
to "settle down" and become stable. 

The Settle Down Delay is that period of time necessary for tape and the mechanical 
characteristics of the drive to become stable, so that the drive cannot be operated, 
Start/Stop, at a frequency where it is mechanically resonant. 

5.4.2 Program Procedure to Time Settle Down - Settle down is started when any of the Shut Down 
CountTare completed and the drive is actually told by the control to stop tape motion. 
This is also the point at which the control unit becomes ready. The tape unit or drive is 
"Not Ready", then, until the settle down delay is over. 

The program times settle down from the same record that is used to time Write Start, 
after Write Start is timed, the program waits for Control Ready and then monitors and times 
TAPE UNIT NOT READY until tape unit is ready. 

5.4.3 Failures That Can Effect Settle Down 

a. Settle Down does not fire (time typed will be 000020) 

b. Settle Down not adjusted to the correct time. 

5.4.4 Accuracy of timing Settle Down - The program units for Control Ready in a 5 cycle loop. 
the program monitors Settle Down in a 20 cycle loop. 



5,5 



Write to Erase Head 



5 - 5 - ] Purpose of Erase Head - The purpose of the erase head is to guarantee that tape past the 

fast block written on tape is the same flux state (Write Reset) of the write heads. This 
serves several purposes: 

a. If the tape is later recorded on from this point, the drive used at that time may have 
different stop characteristics and if would be possible to leave old data recorded in 
the interrecord gap, 

b. When recording at the higher densities, the erase head removes all the old data 
recorded on tape and the process of recording new data does not have to also change 
the old flux pattern on tape. 

c. Track alignment and Head width from drive to drive is not identical, and if not for 

the erase head, if would be possible for some of the edge areas of old data tracks to be 
left on tape when changing tape from drive to drive and re-writing. 

5.5.2 Program Proced u re for timing Wri re to Erase Head - First, a fairly long record of all Is is 

! r eco7decTTronTnroad Point. (This progTaTrTutlTTzes the same record used to time Write Load 
point Count). The drive is rewound to Load Point and the program sets up to write a 3 word 
record of all Is and starts the Write operation. When the third word is output, indicating 
that the first two words are written, the program issues a CAF (IO Power Clr) IOT which 
stops all data transfers to and within the TC59 and causes the drive to Shut Down. Tape on 
the selected drive will still coast for the forward deceleration time of the drive and the 
Erase Head should still be erasing tape. 

The tape is again rewound to Load Point and a Read operation is initiated. The MTF wi 
set to a 1 in the gap following the 2 word record. At this point, the program forces tape to 
go non-stop (MTAF/MTGO) and times until the first data word that the erase head did not 
erase is input. The time typed should about equal the length of time it takes for tape to 
move the distance from the Erase Head to the Write Head at full acceleration. 

If tape is developed it should appear as follows: 



LOAD POINT MARKER 



2 WORD RECORD 



TZL_1_J 



ABOUT 6" 



OLD DATA 
-LEFT FROM 
PREVIOUS RECORD 



SHOULD EQUAL WRITE TO ERASE 
HEAD+ FORWARD DECELERATION 



10 



5,5.3 



Failures that can effect Write to Erase Head Time - 



a . 
b. 
c . 
d. 
e . 
f. 



No current through the Erase Head 

Not enough current through the Erase Head to fully saturate. 

Erase Head too far from the tape surface 

Tape speed at full acceleration is incorrect 

Deceleration time is incorrect 

Last character input to MTF time is incorrect 



For failures a, b, and c the time typed will be a minim 
and tape when developed would appear as follows: 



lal number, probably less than 100 us, 



2 WORD RECORD 



L0A0 POINT 



OLD DATA 

FROM PREVIOUSLY 

RECORDED DATA 




DRIVE DECELERATION TIME 



5.5.4 



5.6 
5.6.1 

5.6.2 



Accuracy of Write to Erase Head Timing - Program is not synchronized with the 800 BPI 
clock from the selected drive. MTF time could vary by 1 clock. The Timing loop is 
itself 5 cycles. 12 to 17 cycles could be lost sensing the MTF and to execute MTAF/MTGO 
Since the erase head position is adjustable, the Write to Erase Head time from drive to 
drive can vary up to 15%, but should remain fairly constant for the same drive from pass to 
pass . 

Write Non-stop Gap 



Purpose of Write Non-stop Gap - The Write Non-stop Gap Time, is the accumulation of 
Write Shut Down and Write Start times. The total of these two times should be great enough 
to guarantee that the interrecord gap will be greater than 3/4 in when writing Start/Stop. 

Program Procedure for Timing Write Non-stop Gap - First, the drive is rewound to Load 
Point, and a record is written. When the MTF goes to 1 , indicating the first record has 
been written, the program forces tape to go non-stop and write a second record. The time 
typed is the period from the MTF for the first record until the second word is output for the 
second record, (see "Write Load Point" Section 5.1 and "Write Start", Section 5.3) 
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5.6.3 Failures That Ca n Effect Write Non-Stop GAP 

a. Write Shut Down incorrect) (See Section 5.2.3) 

b. Write Start incorrect (see Section 5.3.3) 

5.6.4 Accuracy of Write Non-Sfop Gap Timing - Sensing MTF=1 and MTAF/MTGO sequence, 
including settings CA and WC, could cause 2 cycles to be lost in the timing loop. The 
timing loop itself is 5 cycles. There are 6 cycles lost due to 2 data breaks. 



.7 Backspace Shut Down 



5.7.1 Purpose of Backspace Shut Down - Backspace Shut Down is the length of time necessary 
to guarantee that if a Write operation is started forward after a backspace, tape will be 
positioned such that all previous data is in front of the Write Head and will be erased. 

Backspace Shut Down must be less than Write Start. This is to guarantee that inter- 
record gaps will be larger if a backspace/rewrite operation is initiated. 

5.7.2 Program Procedure for Timing Backspace Shut Down - The program writes a record, issues a 
backspace command to the control and drive setting the -1 for 1 record. When the MTF is 
set to 1 indicating backspace complete, the program times from that point until the control 
unit becomes ready. 

5.7.3 Failur e s That Can Effect Backspace Shut Down Tim e - 

a. TC59 MUC operates incorrectly 

b. 800 BPI Clock is the wrong frequency 

c . Selected drive transmits the wrong delay count to the TC59. 

5.7.4 ^£g u ^rg5X.?XA ac ^ s P ace Shut P° wn Timing - Two cycles could be lost sensing for MTF=1 . The 
timing loop for Backspace Shut Down is 20 cycles. 

5.8 Read Shut Down 

5.8.1 PurooseofReadShui- Down - The Read Shut Down time is to move data past the Read Head 
far enough for the tape to be fully accelerated if a Read is followed by a backspace. 

Read Shut Down must also be less than Write Shut Down to guarantee that the Erase 
Head and Write Head will stop in the correct areas to fully erase tape if a Read is followed 
by a Write. Also, if a Read is followed by a Write, the interrecord gap must still be at 
least 3/4 in. 

5.8.2 Failures That May Effect Read Shut Down 

a. MUC not operating correctly 

b. Drive transfer incorrect count to TC59 for Read Shut Down 

c. 800 BPI Clock from selected drive is at the wrong frequency. 

5.8.3 Accuracy of Read Shut Down Timing - Two cycles may be lost during sensing of the MTF. 
The Read Shut Down timing loop is a 20 cycle loop. 
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5.9 



GapConsistency 



Since none of the gap lines typed will (or should) be the same, the term Gap 
Consistency may initially appear to be a mis-nomer. However, it is the gap size relation- 
ship that must be consistent. 

5.9.1 P urpos e of Gap Consistency - For operation, the interrecord gaps on tape must be at least 
3/4 in, to guarantee that data may be written on one drive and Read on another drive with 
completely different stop/start characteristics. The minimum gap size of 3/4 in. is generated 
when a Read operation is followed by a Write. All of the other gaps should be correspond- 
ingly larger depending on how they were written. 

5.9.2 Program Procedure for Timing Gap Consistency 



a . 



b. 



A total of 10 records are written on tape (from BOT) utilizing different programmed 

sequences to generate the interrecord gaps. 

The drive is rewound to load point and a Read operation is initiated. As the MTF is 

set at each end of record, the Read command is continued non-stop and the program 

times until the first word of the next record is input. 

At the end of the 10th record, the accumulated Gap Times are typed in decimal ps. 

There are a total of 8 interrecord gaps that are timed between the 10 records and they 

are generated as follows: 



GAP 


WRITE 


NUMBER 


PROCEDURE 


1 


NONSTOP 




WRITE TO WRITE 



GAP TIME 
RELATIONSHIP 

WRITE SHUT DOWN + 
WRITE START + 
TAPE MOTION TIME FROM 
WRITE HEAD TO READ HEAD 



START/STOP 
WRITE TO WRITE 



GAP 1 + FORWARD DECELERATION 
- FORWARD ACCELERATION 



START/STOP 
READ TO WRITE 



START/STOP 
A - WRITE 
B - BACKSPACE 
C - WRITE 



3/4 IN TAPE 

GAP 2 - (WRITE SHUT DOWN - 
READ SHUT DOWN) 

NOT LESS THAN TAPE MOTION TIME 
GAP 2 + FROM WRITE TO READ HEAD 



START/STOP 
A - WRITE 
B - BACKSPACE 
C - WRITE 
D - REPEAT FROM 
(BACKSPACE - 



NOT LESS THAN 
GAP 4 + TAPE MOTION 
TIME FROM WRITE 
TO READ HEAD. 



WRITE TWICE) 
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GAP WRITE GAP TIME 

NUMBER PROCEDURE RELATIONSHIP 

6 SEE GAP 5 NOT LESS THAN GAP 5 + TAPE 
REPEAT B AND C MOTION TIME FROM WRITE TO 
THREE TIMES READ HEAD. 

7 SEE GAP 5 NOT LESS THAN GAP 6 + TAPE 
REPEAT B AND C MOTION TIME FROM WRITE TO 
FOUR TIMES READ HEAD 

8 SEE GAP 5 NOT LESS THAN GAP 7 + TAPE 
REPEAT B AND C MOTION TIME FROM WRITE TO 
FIVE TIMES READ HEAD. 

5 » 9 . 3 Fa i lur es T hat Can Effect Gag Consistency 

a. Write Start Count incorrect 
GAPS I to 8 

b. Write Shut Down incorrect 
Excludes GAP 3 

(See 5/2, 5.6) 

c. Forward Acceleration incorrect 
Gaps 2 to 8 

(See 5.17) 

d. Backward Deceleration incorrect 
Gaps 4 to 8 

(See 5.19.3) 

e. Read Shut Down incorrect 
GAP 3 

(See 5 . 8) 

f. Backspace Shut Down Incorrect 
GAPS 4 to 8 

(See 5 . 7) 

5.9.4 {^i^ a £y_£iJ'" e 52E_C° ns ' stenc y TmTmg - 2 Cycles may be lost for sensing the MTF at the 

start of each gap. 

The 800 BPI Clock is not synchronized with the data being input and the times may vary 

by I clock pulse . 

The timing loop is itself cycles. 

5.10 Write With Extended InterrecordjGag 

5.10.1 Purpose of Extended Interrecord Gap- The Write with extended interrecord gap is a function 
somewhat peculiar to the TC59 Mag Tape Control . This function allows recovery from a 
write error to consist of issuing only 2 commands. (Space Reverse, Write with XIRG) 
Instead of the normal Write Start Delay necessary to generate a 3/4 inch gap, the XIRG 
delay is long enough to erase at least 3 in of tape more than the normal gap. 
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The result is that the same data may be written on an entirely different area on tape 
and with any erroneous data being erased, 

5.10.2 Procedure for Timing Write with Extended I n ^ e '* rec<: ^d_GajD - The start process for Write 
with extended gap is the same as a normal write except that command register bit 5 is a 1 . 

pee j . i . z., ,j .a ,/,) 

That period of time from MTGO until the second data word is output constitutes the 

XIRG delay count, 

5-10-3 fsiilHI^iJiH, 1 " May Effect Write With X IR G 

a. Control improperly decodes CMS. 

b. AH failures that may effect Write Start or Write from BOT (5.1 and 5.3) 

5.10.4 Accuracy of Write XIRG Timing- The processor is not synchronized with the 800 BPI clock 
and the time typed may vary by 1 clock time. 

The program utilizes a 5 cycle loop to test for the second data work out. 

6 cycles may be lost due to 2 data breaks. 

5.11 Read From BOT Delays 

5.11.1 LHEP ose °f R eac ! f rom ^OT Delay - The BOT waif count for a Read operation is that period of 
time necessary to move the Load Point Marker from its sensing photocell to the Read Head 

and then approximately 3 in past the Read Head. 

Note that the first record written on tape is written at lease 6 in past the load point. 
For compatibility purposes, the tape control must be capable of reading the first record from 
load point even though its start may be less than the 6 in written by the TC59. 

5.11 .2 Program Procedure for Timing Read From BOT - First, all drives are rewound to BOT. Each 
drive is moved forward until the BOT status goes away (the drive is no longer at load point). 
Then an lO PWR Clear (CAF) is issued causing at! tape motion and data transfer to cease. 
Then, an extra long record (approximately 10 in) is written and its Write Start delay timed 
and typed as an indication that tape did not drift backwards into load position again. 
(These are the Write Start Typeouts that precede the Write XIRG Times.) 

This extra long record covers that area of tape that would be skipped by a normal 

Write from BOT. 

At! drives are again rewound to BOT and a read command is initiated. The program 
times from this MTGO until the first data word is input. This period of time constitutes the 
Read from BOT Delay. The operation is timed on all selected drives and the accumulated 

times are typed in decimal microseconds. 

5.1 1 .3 Failures That May Effect Read F rom BOX The drive transfers the Incorrect count to the TC59. 
By this point it should be known if the MUC or 800 BPI Clock are operating incorrectly. 

5. 11 .4 Accuracy of the Read from BOT Timing - A full word has to be assembled before the first 
word is input . 
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The processor and data being read from tape are not synchronized with the 800 BPI Clock 

and the time typed may vary by 1 clock pulse. 

The program loop for sensing the first data word input is itself 5 cycles. 

5.12 Last Character Input to MTF 

5.12.1 ,f3 'H, r P f i£$_ l. ^ as ' f Character Input to MTF - Last character in to MTF is that period of time 

for the TC59 to sense missing 3 data characters (EOR) on tape and to make one pass through 
the MUC and set the MTF. This time is typed for 800 BPI, and if the drive is 7 track it is 

also typed for 200 and 556 BPI . 

^•^2.2 PlS^ r Lfl£ c ir^ u [f J!2LJ' m ' n 9 '~ asf Character to MTF - A record with a known word length is 
written on tape. The program then backspaces and reads until the last data word is input 
and then waits in a 8 cycle loop until the program is interrupted. The backspace/read 
operation is repeated three times so that the time typed is an average of the 3 tries and some 
of the inaccuracies in the procedure are compensated for. 

5. 12.3 Failures That May Effect Last Characteristics to MTF 



.j . iZ , 



a. Sensing of EOR improper 

b. MUC not operating correctly 

c. 800 BPI Clock at the incorrect frequency 

^^.£ "[?£L 5'iXi..[!?J.Dg.._kg s l-..9h"^?.^^Ll ....^^^ ~ ~^^ e c ' af ' a being input and the processor are not 
synchronized with either the 800 and 556 BPI Clocks in the drive, and the 800 and 556 BPI 
Clocks are themselves not synchronized. The times for 800 and 200 BPI may vary up to 1 
800 BPI Clock , The time for 556 BPI may vary as much as 1 556 BPI Clock with an addi- 
tional variation of I 800 BPI Clock. 

Of the three times, 200 BPI will be the most accurate. 

The program counts in a 3 cycle loop while waiting for MTF. 

A fudge factor of 18 cycles is added to the accumulated times to compensate for data 
breaks and sensing that that last data word is input. 

5.13 Write EOF Time 

5.13."! Purpose of Write EOF Time - The Write EOF Time is to erase approximately 3 in of tape, 
write the EOF mark and its LPCC and move the marks from the Write to the Read Head and 

defect them . 

5- ^3. 2 LJBiEiniJ!!^^^ ~ A write EOF command is initiated. The program 

then times from MTGO until it is interrupted by the write EOF Status. 

J .13.3 Failures That May Effect Write EOF Times 

a. Incorrect count transfer from the drive to the TC59 

b. 800 BPI Clock at the wrong frequency 
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5.13,4 Accuracy of Write EOF Timing - The processor is not synchronized with the 800 BPI Clock 
and the time typed may vary by 1 to 3 Clock times. 

The time typed should approximate write extended interrecord gap, plus tape motion 
time from the Write Head to the Read Head, plus approximately last character to MTF time, 

5,14 One Inch Data Time 

5.14.1 Purpose of Orjejnc^ J)ata J4ming - The program times the data output transfer of 556 and 
200WTTo~provelf^f the control selects the correct transfer times for those densities. Also, 
to prove that the 556 BPI clock is operating at the correct frequency. 

5.14.2 Program Procedure to Time One Inch Data - The program writes records at 556 and 200 BPI 
that corresponds to approximately 1 in. of data on tape. Since the PDP-9 word length is an 
increment of 3 characters,, the number of characters written do not correspond to exactly 

200 or 556 

The record written to time 556 BPI is actually 564 characters in length. The record 
written to time 200 BPI is actually 207 characters in length. In both cases, the program 
actually times from the point that the second word in the record is output (see paragraph 
5.1) until the last word is output. Six character times out of the records written are not 
included in the timing process. The number of characters actually timed are 558 for 556 
BPI and 201 for 200 BPI . 

5.14.3 Failures That Can Effect One Inch Data Time 



a. 556 or 800 BPI Clocks at incorrect frequency Tape Control does not select the correct 
clock frequency . 

b. Character counter and/or writing set data flag operate incorrectly. 

5.14.4 Accuracy of One Inch Data Timing -The program is not exactly synchronized with the 800 
or 556 BPI clocks. The program waits for second data word output in a 5 cycle loop and 
also waits timing for last word output in a 5 cycle loop. The program adds in a factor to 
compensate for the number of timing cycles not counted for the sequence of data breaks made. 

5.15 EOR to EOF Space ^hm ^ MUS^W] 00 

5.15.1 Purpose of EOR to EOF Space Time - This is for tape to move non-stop from the end of a 
record to an EOF mark following the record. The procedure used to time this operation is 

actually a test of ERASE and WRITE Head polarities. 

5.15.2 Procedure tojfime EORjtajEOF Space 

a. Ail drives are rewound to BOT 

b. A three word record is written 

c. An EOF is written and timed (see 5.14) 

d . All drives are again rewound to BOT 

e. The three word record is re -written 

f . Tape is backspaced over the three word record 

g. Tape is spaced forward 2 records, when the WC indicates the first record has been 
spaced over, interrupts are enabled and the program times until an interrupt is received 
that should indicate an EOF. 
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5.15.3 Fail ui e JL!J™ t££!lJ^^ 

a. Status does not =410100 
Erase head wrong polarity 

Erase head current less than enough to fully saturate the tape 

One or more of the write tracks at a polarity different from the state polarity of the 

other heads , 

Write Reset fails 

One or more sensitive read amplifiers 

Write EOF does not actually write EOF 

b. Status does =410100 

Write EOF time is incorrect (see 5.14) 

5.15.4 Accuracy of EOR to EOF Space Time - The processor is not synchronized with the 800 BPI 
clock and the time may vary by 1 to three clock pulses for the same drive. 

5.16 Space Shut Down 

Same as a Read Shut Down; See 5.8 

5.17 Forward Acceleration 

5.17.1 Purpose of Forward Acceleration - This is the amount of time necessary for tape to start 
mov ; ng 7^717^cOT^Te~^p~a^ for it to move far enough to input 1 data word. 

5.17.2 Program Procedure to Time F WD Acceleration 

a. A fairly long record is written on tape 

b. Tape is backspaced over the record 

c . A read forward is begun and when the first word of data is input, an IO PWR Clear 

(CAF) is issued, stopping all tape motion and data transfer 
d. Wait for settle down 

A new read operation is started, and the program times from MTGO to first data word 

input. 
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5.17.3 Failures that can Effect FWDAccejeration - 

a. All mechanical forward start adjustments 

b. Drive Settle Down 

c. Read start count cannot be timed, but a failure that would cause this count to exceed 
normal tape acceleration time would appear here. 

5.17.4 Accuracy of FWD A CCELERAT ION Timing - The program can only sense a full word input; 
f^TTwTIT^dTFsmaTr^mount oTT7meT~Tape may have stopped any place within one bit time 
(800 BPI Clock) of the first character read. This could cause the time typed to vary by 1 
bit time . 

5.18 Forward Deceleration 

5 J 8.1 Purpose of Forward Deceleration - After the drive has actually been told by the control to 
stop, tape will keep moving FnThe forward direction for some period of time, (i.e., on a 
TU20 until the pinch roller actually leaves the surface of the tape). This period of time 
is the forward deceleration time. 



e . 



5.18.2 Program Procedure for Timing Forward Deceleration^ - This program uses two methods to 
_____ The results of the two methods can be distin- 
guished as follows: 

FWD DECELERATION (5.18.1) 

FWD DECELERATION (CALCULATED) (5.18,2b) 

a. FWDJ3ECELERAJ0ON - The program writes a fairly long record on tape. Then back- 
spaces~overThe record reads and times from the first word input until the MTF is set at 
end of record. This time is saved. Then forward acceleration is timed (utilizing the 
same record). Once FWD acceleration has been determined, the program again times 
until the MTF is set to 1 at end of record. This time is then subtracted from the 
original first word to MTF . The difference between the two times should reflect the 
amount of data missed by FWD deceleration. The difference between the two times 
should reflect the amount of data missed by the forward deceleration time of the driv 

b - cY% D Ji£§y^M^ " The second method the program uses to deter- 

mine The forward deceleration Time of a particular drive is as follows: 

(1) GAP 1 of the gap consistency test was written non-stop, and tape should have 
been moving at full speed for the accumulated Write Shut Down and Write start 
times , 

(2) GAP 2 of the gap consistency test was written start/stop. Tape moves at full 
speed for Write Shut Down, continues on at full speed for the forward deceleration 
time of the drive, and then stops. The drive is told to the forward acceleration 
time, comes almost fully up to speed at this point, accelerates to full speed 
within a short period of time and then moves at full speed for the rest of the write 
start time. 

c - PWD DECELERATION (CALC ULATED) is determined by subtracting forward decelera- 
tion from GAP I and then subtracting that result from GAP 2. The result of these two 
subtractions should reflect the forward deceleration of the drive. 

5.18.3 Failures that can Effect Forward Oece\erafion_ - Most failures reflected in the forward 
decelen!^ to mechanical adjustments in the drive. Since both methods 

used to determine forward deceleration rely on the forward acceleration, failures in for- 
ward acceleration will effect the deceleration time. 

The more obvious indications are as follows: 

a. If tape does not come to full speed within a short period of time, the relationship 
between GAP 1 and GAP 2 wilt be such that the result of the two subtractions 
(See 5.18.2 b) will underflow (become a negative number) and be typed in the 
order of 200 ms , 

b. Allow the timer program to make two or more passes. The times typed should 
remain fairly constant from pass to pass. Large variations in times measured will 
indicate tape speed fluctuation. 

c. During the timing process described in 5. 18.2 a, it is possible for tape to 
determine forward acceleration, and then drop out of speed to the point where 
end of record is seen, causing a premature MTF. If this failure occurs, the time 
typed for FORWARD DECELERATION will be in the magnitude of time that it 
takes for tape to move Sin. 



19 



5.18.4 AccuracyofJ^rward^£cej-3rat1on - Of the times measured by this program, forward 

deceTerafion is theTeast accurate measurement; the inaccuracies are mainly due to the fact 
that tape does not accelera'e to full speed immediately. This may cause the times typed to 
be 20% less than actually expected, but should not be less than 50% of the times expected. 

5.19 Backward Deceleration 

5 j 9, 1 Purpose of Backward Decele ration - For a short period of time after the tape drive is 

actually stopped, tape continues moving in the reverse direction. This period of time is 
backward deceleration time. 

5.19.2 Program Procedure for Timing Bac kward Deceleration - 

a. The program writes a fairly long record at even parity, writes several words of zeros, 
and then a few more words of ones . 

b. A space reverse is executed; the tape control finds the false end of record at the few 
words of zeros and the Bad Tape Status is set when the all Is pattern is re-entered. At 
this point, the program issues an l/O power clear (CAF) IOT, clearing out the DEL 
process in the tape control and causing the tape drive to start de-acceleration. 

When the drive again becomes ready after settle down, the program initiates a 
read command and waits for the first word to be input indicating forward acceleration 
is completed. The program then times from the first word input until the MTF is set at 
the false end of record. This time is typed as BKWD DECELERATION. The program 
then subtracts LAST CHARACTER TO MTF time and types this result as, BKWD 
DECELERATION (CALCULATED) 

5.19.3 Failures That Can Effect BKWD DECELERATION - Most discrepancies in the BKWD DECEL- 
ERATION times measured will be due to mechanical adjustments in the drive. The BKWD 
DECELERATION time measured can be effected by forward acceleration. 

5.19.4 Accuracy of BKWD DECELERATION Timing - The BKWD DECELERATION Timing appeared 
toTe~axcTJratTwithin 1 0%~13HTTe~f7me expected on a 45IPS TU20. 
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416 7 3 



102615 
102713 
10 3004 
102731'' 
60022M 
103017 
10273" 
600223 

101435 
141425 
141426 
141427 
141430 
102776 
203475 
342750 
707326 
707304 
200033 
543476 
600245 
441425 
600240 
203477 
040001 
700042 
600?50 



/ 

DRVTFS 



.LOG 200 

LAS 

AND (776000 

StA 

J ilP .+3 

HLT 

JMH DRVTFS 

LAS 

AnD (776377 

DAT MSB ITS 

HLl 

LAS 

rue machpo 

LA>v -1 

OAC TYRFLG 



/GET SWITCHES 
/MASK DRIVES 

/SHOULD StLLCl AT LtAST 1 
/OK 

/HLT NO ORIVES SFLFCTtO 
/TRY AGAIN 



/SAVK Ok IVES SELI-CTEQ 
/WAIT EUR MACHINE TYPt 

/SAVE MACHINE TYPt (CYCLE TIMt) 

/Sf I 1 YHF r 1 M E INuICATOk 



/ 

/ 

/START 

/ 



WITH FIRbT DRIVE SELECTED ANu KfWINIJ 



JMS SETPTR 
JMS RSFORV 
JMS STRRFw 
JMS CHGORV 
JMH ,-2 
JMS WATKFW 
JMS CHGORV 
JMP ,-? 



/SE I SELECTION 10 F iRST 
/STA^I REwINn COMMAND 
/SELECT MEXT SKP If ALL 

/WA I T FuR F INISh Htn I Nil 
/SELECT NLXT 0R1VL 
/WAIT FOR IT 10 FINISH 



OK 1 v/l- 



/ 

TIMTS1 



T IMLPl 



JMS 

Oz!M 

Oth 

DzfM 

O^M 

JMS 

LAC 

TAD 

MILC 

Ml GO 

LAC 

SaD 

JMP 

IS/ 

JMP 

LAC 

DAC 

ION 

JMP 



Sit /STORE 

l.PTIML /CLEAR 

SUTIME /TO BE 

TRTIME 

STRTIM 

WRINT /INITIALIZE 

( 44600 

FURIVE 



ALL ONES 

TIMES 

ACCUMULATED 



CALOC 

( hRBUF+1 

. +3 

LPTIME 

TI 1LP1 

(JMP TIMLP2 

1 



WQ AND CA 

/WRITE b00 ti 
/+ DRIVE ciElNG TESTED 
/LOAD COMMAND 
/GO 
/DOES 
/THAT 
/YES 

/+1 TU PASSES THRU LOOP 
/TRY AGAIN 



t'l EN I 



CA INDICAIE 
2ND WORD IS 



TAKEN 



/NOW 
/AND 



WAIT 
I IME 



FOR MIF 
CURLAOY 



.EJECT 



«n^ 



■J. 2 P >1 


21-3^ -A > 


.■■■: 262 


• Hif.'b 


.<■- 2 53 


6 !•'■ ;d 2 6 4 


3( 2 F >4 


4 4 i/j .-■ i i 


.-•. 2bb 


6 C; tf 2 5 4 


'" 266 


4 4 1 4 2 '-• 


-.;■ 2 C >7 


7 1'« 7 3 21 


>C 2 6 


6*)rt2 I 7t 


.'H 26 1 


7 i-' 7 3 ./) 1 


nt 262 


6Ci-5 2ol 


»..i 2 6 3 


11- 2 7 76 


■it 26 4 


2 « 3 4 7 <"> 


.'> ' 2 6 b 


3 4 2 7 5 '/■ 


■<■■'-, 2 6r, 


70 7 3 26 


. i '•■ 2 6 7 


7C73zi4 


'.,-. 2 7,-1 


2^133 


>,-. 271 


5 4 3 4 7 " 


,6 27? 


ot-' >•',•> 7 H 


.:i ^76 


44 143-' 


,r. 274 


b ('- 3 7 7-' 


4i 275 


7 -3 7 3 21 


r,. 21b 


oP-3276 


,h 27 7 


2i- 3 r >v^-/ 


,.i 3f w 


G4«.' V 


.■J . !' 1 


6 t /I .< -.0 2 


,-;-. 3i'2 


4 4 J. 1" 


... 3f3 


o^-S-,-12 


... 3C 4 


<* 4 1 4 2 7 


.n 3C5 


7 /- 7 i «n 


,;i 3 '/6 


6 3 i-i 2 7 7 



TlML^i? 



< 30 7 


lt-<3-'2s 


•310 


21,14 25 


31 1 


1 ■/'. 1^16 


i 312 


3 3 id ■' / 7 


i 31 3 


3C3t 36 


i 314 


2^1426 


. 315 


1K1616 


: 316 


■3 3 3 v'; 2 4 


i 31 7 


3C3s«53 



I. A C 

I) AC 

J:4i» 

I :> r 
J :'! P 
lb/ 



+ 1 



1. 



K 



Ti 'LP2 



Jf'H- 

* 1 T K 

JiiP .-1 

J i-l S W K I i\) T / I IM 1 T I A L I I F: 

LAC ( 4 4 b '/■ <£ 

T a i'i F U « 1 V i. 

M 1 I. C 

MTCU 
/ 
/Tll-H WrtlTF. STAKT [iLLAY NOT 

t i «lp J i ac r.Ai on 

( w VHDh +1 



/2 


A 


/2 


I i A L 


/1 




/6 


OF 2e) UYULts 


/2 


IN WAIT F K 


/2 


Cllht- ADY LOuP 


/4 


Ik TIMING 


/l 


W P I T E SHUT ■ I U W 



W C A M OCA 



AT LO A!) PUIiiT 



Sa 
JMP 
IS* 
J -IP 
Ml Chi 
JrtP 



. + 3 

SI 

Tl 



< T I M 
'•LP 3 



•1 



/ 

/ T t m f . n 

T I H L h 4 



-LTILE 
( - < 
1 3 
. +1 
h, 
, -1 
T 



U > 1 W N I ) t L A Y 



1 VF 
La( 
riAi. 
J >i P 
IS/ 
J I'll- 
IS.' 
M I TK 
JMP Ti 
/ 

/TYHF Hul ACCUMULATE'") TlMtS POP THIS DP 1 Vl 
/F1KST »HHl FPU'-'- I UAD HO INI TIME 
JMS TYPOPV 
LP I IML 
TV I IM 
7 
T t -' T 1 



I ME 
LP 4 



I AC 
J"P-- 



/■«K [Tc t- PoM I u»u P0 1M ! 
/AC = OU M I. oops 
// CYCLES PtP LU0P 
/i- UNO I ION TLXT 



/ 

/MOW 



<K 1 1 L 3i<UT » ^J iNi 
LAC SjTIHl 
JMS TYr-'TlM 
24 

r t v t ? 



TIMF 



/AC = Nu,MdFK Of LOOPS 
/2W CYCLFS PFP LOuP 
/ w R I T I SHUT D U w w I E a T 



.LJLC1 



,N05 



PAUL 



/ N ( ) W lYFfc 



3 ? it) 


2C143.' 


321 


1 01 6 If 


322 


/./,/,r^7 


323 


«'/^'-'6t 


324 


201427 


3 d~> 


1 v, t ^ 1 ft 


326 


ii , ,W-?'\ 


32 7 


00 3-77 


i.Wi 


10273- 


331 


60-0 2 26 


332 


103/0.4 


33 3 


1027 30 


,134 


6 n 3 3 2 


3 35 


lt.3:T7 


3 36 


15273/ 


33 7 


6/0535 



v. . 3 4 


77 7 7/5 


... 341 


^4 0/32 


■::■ 34 2 


2 3 5 3 1 


.;. 343 


3 4 0/35 


■-.: 34 4 


203475 


■/•; 34b 


34275" 


n i 3 4 6 


; 7 3 2 m 


,.i 34 7 


70/304 


.«, 350 


2O0>' 32 


„. 351 


7 4/5 iAv- 


.,•1 3 ''2 


60055/ 


/,; 3 5 3 


703502 


«0. 354 


1 « 3 >•'■ 4 


0< 355 


1 02 7 $v 


.)'. 356 


6 3 4 


■Ji 35 7 


10 3'/ 17 


.•ii 360 


10 2 7 30 


/J i 361 


6 3 5 7 



wKlTI MAI-iT TIME 
LAC Si ■-' I ] h 

j,-i c t r ■-' T I m 

7 

T l x 1 3 



/AC = MUMBfK OF LOOrS 
// CYCLES F J tF LuOP 
/wKITt STaPI I IMF 



/ 

/TYPE 



/rtC = NUHHF K OF I OOF'S 

020 crCLEs nth loop 



/ 

/ !\| ( i W 



/ 
/ 

/31 A 

/OKI 
II M 1 



! VF SlT I LL u'lwN T i Mt 
LaC T K T 1 C- 1 
Jr-iS TYi'T IM 

2<t 

T t * T 4 
J MS Cm/OPV 
J MP Ti'TSl 

lli'.E i)1STa,m"L b c 'Tfcfc.l-N w*<lTe A 00 EPhSE he All 
J. -15 S I -'NF n 

j .-i r- c h ( ; u p v 
jhk . -' 

J ,-l s v. A T i< F w 
JilS 0n50PV 

J MP .-■> 



n A 3 rt;'Kl> -LOUPU FPQM LOAi, POINT 

•j TnlKli i'UHu OOES OUT Pwk ClP (FAN IC STuP) 

■It ^luPb WRITING TIME FkOM OAF 10 OLD DAU^t 

/*> inch plock was 

PECUHUF 
/hOw « ILL WhI I E A 
/THHFL rtOKP RLOCK 



ItA,; OlbT 



iuo 



-3 

■wCI.UC: /PEEVIOUSLY 

( «v-<ljU> -1 



IMC 


C A L C 


LaC 


(44b /. w 


TAh 


E u •< I V L 


■ < ! 1 lj 

y-rco 


1 


LAC 


v(CL OC 


S/A 




JriP 




C«F 




J MS 


S 1 / K F w 


J MS 


C -1 |J P v 


JMp 


T 1 x T S c 


JOS 


waTkf w 


JmS 


ChCuRV 


JMP 


.-/ 



/ANO PWK CLk oF F OrvF 

/IT lb COMPLE. TLY ftp IT FF N 



/wAIT FOR WC 
/TO 50 TO 
/ 1 NO I OAT Ii\i(; 
/STOP WHIIF 



DAT A 
TOPn 



IS PECOPUFU 
uFF lVEPIhIIvi 



,t JECT 



cacl 



v • Sf.c' 


7 7 7 7 7 7 


■■■ 3 6 5 


vi 4 t-i ■: ,5 2 


■■ 3 r- 4 


2 "i 3 b tf 1 


■ '■■ .U'b 


w 4/2' 3 3 


••■■ 3t-6 


2 2 ,5 b il 2 


• '-. 6t7 


34 27b« 


. ■ i 7 v. 


7 2 rsjt- 


.!■ 37 1 


7 2 7 3 4 


.:■• 372 


14 14 2b 


'■' l .5 7 o 


d '</'■ 3 '■ 3 


«: .574 


vilvJi'Ml 


2i 37b 


7 2 0M4? 


■I 13 7 6 


6 2 2 W6 


0C377 


72 7 ^2? 


tit 4 


7 H 7 3 2 4 


,j: 421 


7b2C2 ; ' 


.2 422 


44142b 


,ii 4 I'M 


b 4 2 ' 3 2 


.:; ,'hM 


6 '/' 2 4 2 2 


.■i' 4 (-'■'5 


7 C" J 5/2 


A' 4 i " 6 


lC53iVb 


iv. -V 7 


2 2 1 4 2 ,; 


■') ■ ill* 


1 2 1 6 1 6 


." 41 1 


.ItiwC/^ 


•■-. ; 4 12 


v, 2/ 3 1 2 2 


<0 , 4 1 o 


U12/3.' 


J i 414 


a ,.■> 6 2 


<o i- 4 1 b 


l^i'»4 


<5 '. 4 1 ft 


1K27 3C 


•0 1 4 17 


'■" 2 4 1 b 


.-J, A?Vj 


1 2 3 2 1 7 


<o: 4 ? 1 


lt'2 732 


/i 4 22 


00^42'- 



/,NlOh T H a ! ALL fml^f-b Al'L AT LUAli H'H«I Kf AH u v F t- PAnl [AL oluCK 

T [Ml 2A I hi- -1 

h»C '-= C I UC 

! AC ( ;< ,dUF -1 

Lai; i : m f UC 

1 . A I (4 •■ 6 2 id 

T a i : ( i ) ' I V t 



"fj- L H 1 I M t. 

La'' ( J -<P T I Ml H': 

i ■ at i 

1 u2 

J .-t >- - . 

T J -' L '" 5 '-M >U" 

C L /'• 

15/ t t'l IHt 

Sa< i- U UC 

Jin ,-..' 
C a f 

j,-,s IVukV 

1 » i. IHUt 

.MS TY^ 1 Ih 

H 

T L X r b 

J "ib CribuNv 

JhL T i '12a 

.MS SMKfw 

j.-is; CH.;ut'V 

J. II- .-> 

J MS KjTrtf (i 

J. -IS f'H .[jf- V 

J'lb , - -' 



. t J L i : i 



ik-; Nil S 



PAf,t 



,n 4? 3 


10 14 35 


ni 4 ? 4 


1M277^ 


.H- 425 


2034 75 


vJ! 4 26 


342750 


/it 4 27 


70 7 3 26 


,j\ 430 


7 7 3 4 


i- 4 3 1 


203504 


,,. 4 32 


4 t 


0i'433 


1 4 1 A 2 5 


0n 434 


7 4 2 


00 4 35 


6004 3 '5 


01 4 36 


10 2 7 7 6 


0i 437 


7 7 3 2? 


wi 4 40 


7 7 3 04 


Ot 441 


203476 


j,i 44 2 


540033 


0t 44 3 


600446 


I 44 4 


441425 


0t 4 4b 


60044? 


0! 446 


7 7 3 01 


Oi 447 


60 4 4 6 


1- 4 5 


102776 


01-451 


203475 


0C4 52 


342750 


01-45 3 


70 7 3 26 


(• 4 "5 4 


7 7 3 4 



/AL 

/WR 

/FO 

/FO 

/FO 

/FO 

/Th 

/EO 

/8A 

/ 

TIM 



L DRIVES ARE AT LOAD POINT AGAIN 
1 TL ONE kfCORO 

l i . o w w ith one kf cord NO 

LLOWtH wJTri Jit kf COkD 
L LOWED MY WR I TE bACKSPA 
LLOwtD 4Y WRITE HACK WR 
L FOLLOWING OPERATIONS 
K TO F IRbT WORU wRI TTFN 
CKSPACE SHUTDOWN AND RE 



NbTOP 

START STOP 

HE HF AtJ WRITE 

ITF 

ARE TIMED OUR I NO 

NONSTOP 
Au SHUTDOWN 



w R I T t P A b S 



TS3 



/T! 

1 I h 



LRU 



jilS SI1 /STORt OMtS In bUtFER 

JilS wkINT /INlTIALI/f WC AND CA 

LAC (44600 /(iRIIl tffllfi ENI 

TAG FURlVL /.+ DRIVE NUM.RE 1 ' 

MlLC /LOAD SOMMANU 

M 1 (, L) /AND 00 

LAC ( J"iP T IMLRO /AND GO 

OAC 1 /TO RETURN f-RUM InTl^kOPT 

/CLR A PASS COUNTER 
/ENARLE INTERRUPT 
/ivAIT FOP OuNE 
GAP T IMt DURING WRI 1 F 
/INITIAL!^ WC AND OA 
/bO NONSTOP 



)A 

P^N LPT I ME 
IUR 
JMH , 
1TE >"UNbToP 
J M S w K INT 
mi aF 
M T G U 
LAC (rtkriUF 



SAD CALOC 

J MR . + <> 

lb? LPTINE 

J MP ,-5 

M T T k 

JMP ,-1 

JUS WkInT / I N I T I 

LAC (44600 

TAD FORIVE 

Mil C 

MICu 



/GET ADRS+1 
/wRITE L.AP 
/2ND WORD HAS RtF, 
/*1 LUOP COuMTFR 



OUT 



/«AIT FOR DRIVE RtAijY 
/LPTIME=WRITE NUNbTuP 
ALUF WC AMD CA 

/rtklTL AT R00 
/T DRIVE 
/LOao 
/AND GO 



GAP 



, LJt.ni 



>Ki NOS 



PAGE 



^i 155 


7 7 3 41 


0; 4 56 


600455 


,)i 45 7 


2 35 05 


0>i 460 


7 7 3 2 4 


0t 461 


707322 


.n 462 


7 7 3 4 


■A\ 463 


141426 


0i 464 


777777 


,ji 4 65 


4 3 2 


vi i- 4 6 6 


^ 3 5 6 


w » 4 6 7 


4 /J 1 


<<< 4 70 


700042 


0/471 


600471 


wi'4 72 


203500 


00473 


■<) 4 1 


0i 4 74 


600475 


0? 475 


440010 


0! 4 76 


600475 


/Ji 477 


441426 


•/y. 500 


7 7 3 21 


«;■ 501 


6004 72 


w ( 5 2 


70 7 301 


/H 503 


600502 


/!!■ 5 14 4 


<r 3 1> 2 


0f 505 


3427b'- 


wt 506 


7 7 3 2 6 


v:H 50 7 


102776 


■a !' 510 


141427 


0i- 51 1 


707304 


<H 512 


2 3 5 7 


/;.- 51 3 


4 1 


■i) i- 5 1 4 


7 * 4 2 


0t 515 


600515 


/Ji 516 


203500 


i 517 


4 1 '-> 


0t 5 20 


6 5 21 


00521 


4 4 010 


kii- 522 


600521 


5 2 3 


441427 


0t 524 


707321 


00525 


600516 


0t 526 


707301 


wt 52 7 


600526 



1 I m_ P 7 



MISK 
J.-1P .-1 
LAC ( 7- '00 

M I A F 

MTGO 

HzfM SuTIML 

LAW -1 

OAC WCLOC 

LAC ( J-1P T IMLH7 

I.) AC 1 

I Ui\ 
JMP . 

L A C ( - 3 

II AC 10 
J H . + 1 
! S / 10 
J HP .-1 
lb/ SuTIML 
M 1 C H 

JnP TI 1LP7 
M TTR 
J0P .-1 



/wAIT FOR MTF 



/CHANGE CUMMAMi 
/TO HACKSPACE 



/CUUN! i- OR 1 HI.UCK 



/1NTFRRUP I Kf 1 UKN 

/ION 

/wAIT FOR FLAG 

/TOTAL OF 

/20 CYCLES IN 

/THIS TIMING LOUP 

/+! TU LOUP COUNT 
/KF AOY YF I 
/NO WAIT SO Ml '"iuPl 
/HAVF ACCOM BKSPAOI- 
/SHUT DOWN i I MP I iv si 



[ Ml 



/ 

/.Mflft ACCUMULATE READ SHUT DOWN TIMF 

LAO (4- 5 60 /REAO AT 000 H P i 

TAfj FUP'IVt / + 0P1VL nUmPLP 

HILC /LOAF COM 

jns" whiimT /initialise: we anu ca 

Dtf' TrtTIML /CLR A PASS COUNTER 

MI GO /l,0 

LAC (j. ip TIMLPH /INT RET 

DAC 1 

1UN /wAIT 

JMP . /FOR uONE 
/ 

/RFTJRN FROM MTF INTERRUPT TIME REAU SHOT DU*N 
TIMLPb LAG (-< 

OAC In /I IMUmG LuOP 

J0F .+1 

I S / 1 ts /HAS20CYCLFS 

JMP . -1. 

lb'/ TRTIMt / + 1 LUOP GOUNI 

MTCR /GU RLAOY 

JMP T|<LP« /NO REAO SHUT HUW>\ bTl |_ni>, 

MTU /CONTENTS OF TRTIr.F 

JiiP .-1 /IS PEAO SHUT I'lUWw 
/ 

.EJECT 



i K u M S 



>AGL 



ji i 5 3 


0. 531 


tfi-532 


0.' "5 3 5 


i'n 5 3 4 


0<-535 


0i 536 


/■. 53 7 


»i 54 


iH'541 


kH 542 


». 543 


/Ji 5 4 4 


0. 545 


0i- 546 


01' 54 7 


«3i 55 


/n-551 


v3 C 552 


at 553 


f •'• 55 4 


00 555 


0t 556 


00557 


00560 


00561 


■00562 


01 563 


00 5 6 4 


00565 


00566 


00567 


00570 



i 2 7 7 6 
2034 75 
3 4 2 7 5 
70 7326 
7 7 3 4 
7 7 3 41 
600^35 
102776 
7 7 3 2 2 
707304 
707341 
600542 



203505 
7 7 3 2 4 
777777 

04003? 

7 7 3 2 2 
7 7 3 4 
707341 
60055? 
102776 
203510 
7 7 3 2 4 
707322 
707304 
7 7 3 41 
600561 
777777 
040011 
040012 
040013 
777776 
04 010 



/:n|Ow WRITE 

/THIS Ga p SHOULD dF 

J MS Kr<I NT 

I Af' (14 600 

I AH f-iJ^'IVt 

M fLC 

M 1 G 

MlSF 

JMP . -1 

J MS wNlMT 

M I AF 

M I GO 

MISF 

J Ml- .-1 
/ 
/dAC^SI-'ACt AND REWRITE ONCE 

LAC ( 7 00 

I CM 

LAW -1 

dac wcLor 

Ml AF 

Mr go 

H 1 S F 
J MP .-1 
J M S W h I N T 
LAC <<*>00 
LC % ' 
MTAF 
M I G 
MlSF 
JMP .-1 
LAW -1 
DAC 11 
DAC 12 
DAC 13 
LAW -2 
DAC 10 



/MOKF RtCDRlJ 

LESS THAN FIRST TWO 

/INITIALISE WC AND CA 

/wR I I t b'li" !il J I 

/I URIVL 

/ L A I ! AND GO 



/INITIAL I iff WC AND CA 

/hAKF GAP Sl/t LAkGli 

/wA IT F OR WkI IE 
' /TO FOP 



/CHNG TO HALKbP 

/l RFLURD 
/CLR f-LAGS 
/AND GO 

/WAIT FOR BACK U i\ F 
/INITIALIZE WC AND CA 

/CHNG HACK TO wKI IF 

/CLR t-LGS 

/AND GO 

/WAIT FOR DONL 

/TO INDICATE 
/HACK 3 COMPLlTl 
/HACK 4 CUMPLLTL 
/bACK 5 CUMPLtTt 
/FIRST SEUULNCF 
/IS HACK 2 TIMES 



.EJECT 



1RUN0S 



PAGE 10 



/NOW WRITE d A 
/GAP SHUULO G 
/FIRST RECORD 
/ 



CKSPACt WRIT 

ET lARbfR YF 

2 RACKSPACF 



01-571 


102776 1 


1ULWNT JMS 


WHINT 


01:572 


707322 


MTAF 




01- 573 


707304 


MTGC 


I 


0t 574 


707341 


MfSF 




!■ 5 7 5 


600574 


JMP 


.-1 


! b 7 6 


777777 l 


•<ULfciAK LAW 


-1 


01 577 


040032 


I)aC 


WCLOC 


01- 61^0 


203505 


I.AC 


( / -100 


<H 601 


7 7 3 2 4 


LCM 




01 602 


707322 


M r A F 




01- 603 


7 7 3 4 


MTGC 


1 


0i-6 4 


7 7 3 41 


MISF 




i3i 605 


600604 


JMP 


.-1 


0', 60 6 


102776 


JMS 


WR I NT 


01 607 


2 3 510- 


LAG 


(4 000 


-.) 1610 


707324 


LCM 




01- 61 1 


707322 


MI AF 




C- 6 1 2 


707304 


MT(,U 


I 


01 613 


7 7 3 41 


Ml SF 




01 61 4 


600613 


JMP 


.-1 


0i 615 


4 4 1 


la? 


10 


0t 616 


600576 


JMP 


MULriAK 


01- 617 


440011 


IS/ 


11 


01 620 


600624 


JMP 


. *■* 


01-621 


777775 


LAW 


-3 


01--622 


040010 


DAC 


10 


01-623 


600571 


JMP 


MULWRT 


uf 624 


440012 


IS/ 


1 2 


01-625 


600631 


JMP 


. +4 


0S'626 


777774 


LA* 


-4 


01627 


040010 


f)AC 


10 


01- 630 


600571 


JMP 


MULWRT 


0i 631 


440013 


IS/ 


1.3 


01- 632 


600636 


JMP 


. +4 


01 633 


777773 


LAw 


-5 


01-63 4 


4 010 


DAC 


10 


(-635 


600571 


JMP 


MULwRT 



E BACK WR! ! F 
T 
2N0=3 3R0=4 4TH=5 RaCMIRS 

1ALI/E WC AND CA 

/START FIRST WRITE 

/WAIT FOR DUNE 



/CHNG TU BKSPaC 
/I RFCORO 
• /CAM FLAGS 
/ AND GO 

/kAIT FOR HaCKSRAL 
/TO FINISH 
/INITIAL I iff. WC AND CA 

/CHNG RACKSPAC 

/HACK TO A WRITE 

/CLEAR 

/AND GO 

/wAIT FOR DUNL 

/hACKSPACl ENOUGH TIMES 
/nO RAK AimD WKT AbAJN 
/HAVE DUNE 3 BAK bFCj 
/ Y F S 



/DONE 4 RAK SEO 



/UONF 5 BAK SEO 

/YFS TYPE ACCUM TJM t S 



.EJECT 



NuNOS 
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.'): 636 


7 7 7 01 


.J; 63 7 


6 6 3 6 


/H 6 4 


1 3 1! .1 4 


Oi 641 


10302 c > 


00642 


20142 l > 


064 3 


101616 


01 6 4 4 


0", 


01- 64b 


00311^ 


■/) t 6 4 6 


201426 


0i< 647 


101616 


6 *5 


000024 


i' 6 h 1 


312 7 


0i 6^2 


2 H 1 4 2 7 


e> i- 653 


201427 


0t 6 5 4 


101616 


0t bSb 


00 ••'2 4 


Hi- 6 5>6 


00314m 


0t 657 


102 730 


01 660 


60 4 2 3 



Mi TK 

JMP 

J MS 

JMS 

LAC 

JMS 

TLXT 

LAC 

JMS 

24 

TLXT 

LAC 

LAC 

JMS 

24 

TEXT 

J MS 

JMP 



. -1 

STKKFw 
Tri'DPV 
I PTIHE 
TYPT In 

6 

SuTIML 
TYPTIM 

7 

TKTIHL 
TK T 1 ME. 
TYPTIM 

H 

CriGDRv 
TIMTS3 



k F w I r* > 
HLAuFk 



UAH 



/WAIT FOP 
/LiRIVfc KFADY 

/STAP 
/TYPf fiKIVF AiMli 
/GET LOUP CUUnT 
/FOR wPITt NONSiOP 
/*> CYCLE LOOP 
/F UNO I ION TLX I 
/oFT LOOP COUNT 
/SHUT DOWN T IMF 
/20 CYCLF LOOP 

/GET LOOP COU^T 

/PFAO SHU I uOwN Tl M t 
/20 CYCLE LOOP 

/uO.'mF W H I IF" PASS I- iii< 
/ ( \0 HO NFAT OKI VF 



PaCKSP ACF 



■EJECT 



IRl.NOb 



R A f , E 12 





661 


103"17 


01 


662 


14142S 




■ 663 


141426 




064 


1414 2 7 


/•; 


065 


1 4 1 4 3 ,i 




666 


1414 31 


01 


667 


14 1432 




670 


141433 


u! 


671 


1 4 1 4 ,5 4 


/I I 


672 


102776 




673 


2 3 5 1 1 


01 


674 


3427b!'' 


t 'i i 


67b 


7^7326 


,-m 


o76 


70 7304 


l"' 


o77 


777/70 


Wi 


7 


A A VI v 1 


/J! 


7^1 


203^12 


•/.I 


702 


0407 l^ 


^)i 


703 


203513 


vJt 


7f4 


4 / /) 1 


tH 


70 5 


7 -i 4 ? 


A( 


'7 06 


000706 


m 


7 7 


102776 


01 


710 


707322 


iH 


711 


7 7 3 4 


/ji' 


712 


77^254 


tU 


713 


540032 


wv 714 


600717 


w i- 


715 


441425 


•ii- 


716 


600713 


0t 


717 


440715 


fA- 


■720 


4 4 0010 


01-721 


600705 



/NOW 
/ACG 
/TYP 
/FIR 
/TH1 
/fOU 
TINT 



HEAD Nu 

UMUlATE 

E AGGUMG 

ST ANU S 

HI) GAP S 

RTH TO « 

S 4 J M 

\)i 

\M 

\)t 

\\l 

Oi 

\)t 

\)i 

\M 

JM 

1. A 

TA 

M 



KEA0L1 



ROT I M R 



nsto ij 

GAP T 
LATEii 
ECOiM'l 
HOULO 
TH GA 
S NAT 
'•■' LPT 
<■■■> SOT 
M TKT 
m STR 
>' Gap 

Ga' ; 

I'" GAP 

m GAP 

S Khl 

( 2 6 



I MLS ON KE AH 
TIMES AT tNiJ OF REAO 
GAP TIM£S SHOULO t<f- EUUAL 
BE Lf SS THAN FIRST TWU 

PS SHOULU GET I NCRE AS I NGL Y IuNGF.k 

kFw /wait for pkIvf tu 

I ML ■ /FINISH PEW[NulNG 

IME /GLR 

IMl /ALL 

T IM /LOCA 1 IONS 

5 /|0 AGGUMULATE 

6 /GAP I I MFS 
1 

a 

iMT /INITIALISE WQ ANO GA 

00 
IVt 



LG 
f"-U 



LA 
OA 
LA 

PA 
LA 
DA 
10 
J l-l 
J M 
MI 
MT 
LA 
Sa 
JM 
IS 
JM 
IS 
IS 
JM 



-10 

1 
( IS 
RUT 
( J -' 
1 



t L.PTIMF 

I MR 

P Kt'ADLl 



P , 

S K W F iNj T / I N 1 T 

AF 
GO 

» -HL 
I WCI. 
P . + 3 

LPT 

.- i 

RUT 

10 

Rt« 



.ENTH+1 
UG 

IMt 

' IMR 

MJL1-2 



/TO CuU.mT 8 GAPS 
) 

/LOG A I I ON +1 ^ ('IK l '"UH CAT 

/SFT UP INT RlTUPi. 

/WAIT FOP InTe ! <HUkT 
IALIST WC AMU GA 

/GO NUNSTUP 

/I0 HE TECF F IkST bREAK 

A) ATA MKAt\ Yfl 

/YFS 

/ + 1 LUOP GOUNUk 

/HA 1 T FOP HkF Ac 

/+1 LOOP GOUNlK AuDWS 

/DONE H GAPS 

/NO TIME ftiEXT GAP 



•EJEGT 
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0; 


722 


77/7 7!'. 


i.J 1 


7 23 


040012 


ij i 


7 24 


707301 


0! 


7 25 


o 7 2 4 


.:.-■■ 


7 2b 


i a 3 .-- a 4 


•11 


727 


203514 


61 


73a 


040010 


w( 


731 


a4a-/i3 


it I 


732 


203515 


/- V 


733 


a 4 a a i j 


01 


73 4 


103025 


■/; I 


7 3b 


2 3516 


.'J! 


■7 30 


101447 


^ji- 


73 7 


220.H ,;i 


/)1 


74 


1016 16 


ijl 


741 


aaa a a 5 


,11 


742 


316 2 


«5i- 


743 


6 a 1 3 


0> 


74 4 


2000 11 


ill' 


74b 


4 4 0011. 


'ii'v 


7 46 


1 14 7 3 


v'n 


74 7 


440012 


tii 


'750 


600737 


/jt 


751 


201425 


at- 


762 


062631 


01- 


753 


201426 


0(- 


754 


062632 


01- 


755 


442631 


at 


756 


442632 


at- 


757 


102730 


0f 760 


600661 


at- 


761 


203517 


ai' 


762 


101447 



f<UUU v <F 



L A •■> 

OAC 

MITK 

Ji-.P 

J MS 

LAC 

a n 

[) A C 
LAC 
[1AC 
J MS 
LAC 
J ilS 

lac:* 

J0S 

5 

TEXI 

n a c » 

1 AC 

!;>/ 

J.1S 

13/ 
.imp 

LAC 

DaC * 

LAC 

DA('» 

IS/ 

IS/ 

J, MS 

JMP 

LAC 

jas 



-l ' 

1 2 



■1 



( l -> r i m r - 1 

1 v,- 
13 
(261 

11 

TYPJRV 
( T(- XTy 
TYPET 

1-' 
TYPT IH 

10 

13 
11 
11 

TY1 ASC 
12 

RiJliUMH 
LPTIHt 

L.P1SAV 
LPTIML+1 

b^2SAV 
GP1 SAV 
f, P ? S A V 
CriGURV 
TI'-!TS4 
(TEXT11 
TYPET 



/TO COUNT 8 TYPtOuTb 

/WAIT FUR OKV >'L)4 
/START RFMNO 

/in PICK UP FACH LOOP CUUi-a 
/AND I0 SAVE C im V L R 1 
/FOR TYPFUUT GAP i\UMPtR 

/TYPE OKI VF ANi'i Ht AuFk 

/TYpF RECUR!) GAK 

/CONSISTENCY 

/GFT nEXT LOOP COl\'I 

/TYPF I1 m l 

/5 CYCLES PER LuOt 

/hORD GAP 

/SAVE CONVFHTEO TlM t 

/ + 1 FllR NtXI GAH 

/TYPE GAP NUMtll h 
/GONE f GAP TYPtOuTo 
/NO nu NEXT 

/save c; A P 1 

/ S A V 1- GAP*: 



/DONE ALL OR IVES 
/NO PO NEXT DRIVE 
/TYPFUUT uESCRIPTIOiM 
/UF GAP TIMtS 



.tJECT 



i.) K u N is 



P A L 1 4 



o! 7*5 


203475 


0i- 764 


342750 


0C 765 


/ 7 3 2 6 


0i 76o 


707301 


»H 767 


b«0/66 


/ji- 770 


707304 


tfi 771 


7 7 3 5 2 


.St- 772 


503520 


kil 773 


74^200 


0( 7 74 


600771 


« 77b 


703302 


I' 7 7 6 


102730 


00 77 7 


600763 


01000 


7 7 7 7 7 


01001 


4 01 


k4 3 002 


203521 


01003 


4 011 


03 004 


160013 


01 005 


4 4 01=/ 


01 006 


601004 


01007 


203522 


01010 


410 5 2 



/ 

/y-LHVNuS 

/ 

/NO 

/SO 

/TF 

T IM 



TARE 2 



W MOVt' EACH u-'IVl RIGHT OF F LOAD PUUyT 

THAI A Kf-COrtU MAY RE WRITTEN TO 
ST LUAU POIM READ DELAY T 



<TS5 



■1 



( i .000:^ 



LAO (4460id 

TAP Fi)''IVL 

M TLC 

MTTR 

JMP 

Mff.O 

MRS 

A >\i f i 

Si! A 

JMP 

CAF 

JMS 

J MP 

I AW 

OAC 

LAO 

it AC 

ll£M# 



I 3/ 
J M P 
LAC 
OAC 



CH r ,ORV 
1 1 -<TS5 
-1 * 
10 

(L^TIME- 
1 1 
11 

10 

. -2 
( IS* 



LPTIMF 



:ml 

/wRITL 60ejP«I 

/+ DRIVE iMUMHLP 

/LOAO 

/WAIT DRIVE RtAuY 



/i,n 

/KEAI 
/HOT 



S I A T U b 
bO AwAY 



YF T 



/HOT STILL UP >-<AI 
/POWf'K CLEAk 
/DONE ALL DRIVES 
/MO MOVt NEXT (liMF 

/CLEAR 

/LOOP COUNTERS 

/TO TO 

/T IMF 0RI IF X li.'G 

/TIME FOP UP 

/TO 8 DRIVES 



TMX IRG 



.EJECT 



ijRi-NOb 
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/TIME WRITE STAKT 
/WRITE A RECORD -' 



*10l 1 


772526 


01012 


040032 


01 013 


203501 


1014 


04 0033 


id 1 1 5 


203475 


01016 


342750 


01 017 


707326 


01020 


7 73 01 


£11021 


6 01 2 


010 2 2 


141421 


iA 023 


7 7 3 4 


/> 1 2 4 


203476 


01 025 


540033 


</ . 1 2 6 


601031 


<• 10 2 7 


441424 


01 030 


601025 


010 31 


103025 


010 3 2 


201424 


w 1 3 3 


101616 


^1 034 


00 05 


a 1 3 & 


3 6 4 


01 036 


707341 


/) 10 3 7 


601036 


1 4 


707301 


01 041 


601040 


01 042 


203523 


01 04 3 


342750 


01044 


707326 


01 04b 


102776 


010 4 6 


203476 


01 047 


707304 


01 050 


54003^ 


01 051 


6 010 5 4 


01052 


441425 


01053 


601050 


01 054 


707321 


01 055 


601054 


01 056 


4 410 52 


01057 


102730 


01 060 


601011 


01061 


707301 


01062 


601061 


01063 


203524 


01064 


041070 


01 065 


203525 


01 066 


1014 4 7 


1 (?) 6 7 


10 3 4 



TIMTSt 



TMXIRG 



-81. 
WCl 
< wR 
CAI. 
(44 
F '-■' 



LAW 
DAC 
I. AC 
DAC 
LAC 
TAP 

Mae 

M I TR 
JMP , - 1 
I'lifN EXT 

m rcu 

LAC (wh: 
SAO CAL 
J 'If' . + 3 



fvllT ROT AG 
OT 4T LOAD 
L N T H - p L f N T n 
UC 

auf- -l 

UC 
6 0f 
IVt 



bUF+1 
UC 



ain ctp should cIlak at cap 

POINT lb FAKED 
/WRITE FIRST 
/hFCOrtO IN WHAT 
/wORLu NOKMALLY 
/6E LUAU HO] N I GAr 



13/ 
J MP 
JMS 
LAC 
JHS 



FXT 

. -3 

TYP 

EXT 

TYP 

5 

TEX 



RA 

DRV 

RA 

TIM 

T3 



MTSF 
JMP . -1. 
M I TR 
JHP .-1 
LAC (54 
TAD FD« 
MRC 
JrtS WKJ 
LAC ( W R 
MTCO 
SAD CAL 
JMP .+3 
IS/ LPT 
JilP .-3 
M TCP 
JMP ,-t 
IS/ T M X 
JHS CH'i 
JHP TIM 
M I T R 
JMP .-1 
LAC (LA 
DAC G I < 



LAC 
JHS 
JUS 



( H 
TYP 
S !•■< 



600 
IVL 

NT /INITIAL 
«U(- +1 

OC 

IM£ 



IRC 
URV 
TS6 



C LP1IME 

IRC 

XT12 

ET 

Rf w 



/wAIT i OR EUR 

/AND HJR uRIVt 
/TO PECUMt KEADY 
/WRITE XI KG 800 PRE 
/+ DRIVE NUMBER 
/LOAD 
I zf E Wc AND CA 

/TO CUMPAKF AGAINST Ca 
/STAR I 

/KEUUEST ti^O WORD 
/YFS XlKC IS OV t R 
/+1 LPTIME TO CAPb 
/WAIT XIRG OVER 
/wAIT CUREAUY 

/STEP LUOP COUNTFR 
/DONE ALL OR I VI- S 
/NO DU NEXT DRIVE 



/TO GET LUOP COUNTER 
/LOG +1 EV URV AFTE FIRST 

/TYPf WRITE XIRG HEADER 
/kFWIND ThE DRIVE 



■EJECT 



'K:. NOS 



P A G t lb 



>..i1 7 


20 14 2G 


10 71 


1 1 '> 1 6 


01072 


'- 


,n 073 


003220 


o\ u74 


2P27b1 


*j 1 7 b 


343 r >26 


> ifl 7 6 


1 HI 4 7 3 


o 1 ,j 7 7 


4 41/7 1' 


i'lM 


102 73 •■" 


.:■• - 1 1 t 1 


60106 7 


.'1 102 


7 7 7 7 7.' 


01 11-^ 


4 t/i 1 ■■' 


«-'1 1C4 


203b2 7 


.i1 10b 


4 01 1. 


1 1 6 


1 6 1 1 


»j U P 7 


4 4 ,1 1 


in li 


0110 6 


1 1 1 1 


203b30 


.•; -ill.? 


4112 4 


/>1 11 3 


10 3/17 


,:i U 1 4 


10277* 


1 1 1 b 


2 3 6 2 


1116 


342760 


01 11 7 


7 7 3 2 6 


0112 


7 7 6 2 b 4 


01121 


70 7 304 


ill 122 


340'-''32 


01 125 


6011 26 


1 1 2 4 


441426 


i5j 123 


601122 


41 126 


441124 


1 1 2 7 


707321 


01 130 


6011 27 


01 131 


102730 


4 1132 


601U3 


01 133 


2 3 b 3 1 


3 134 


4 1 1. 3 7 


0113 5 


203632 


01 136 


101447 



<;tx i^b 



LAC LPTiMt 
Ji-iS TY"TIM 



T L X T 1 3 

LAC Cu 

TAU 

J V !S 

lb/ 

J.1S 

JiiP 



IVL 
( I ■ - 
TY1 ASC 
! X IPb 
CmCDPV 
CI* IRb- 



1 



/GET LOOP COUNT 

/TYPF TIMt 
/6 CYCLtS IN LOUP 
/TPt uPIVt 



/TYPF DHIVF NUMbl-h 

/ + 1. LAC TU GFl NX I LduP 

/LlONF ALL LlKlVFb 

/i\lO PtWiNu AND IYPF 



/ 

/NO 



W II OF' 



M-'UM LUAU POINT liFLAY 

/TO CUUiMT 6 fit" 



RtAO 

L A !■■ - 1 •• ' 

OAf: 10 

LAC (Li'TIME-1 
OAC 11 
0/N» 11 
I a / la 
JMP .-2 

us/ 

Ti-hui p 
w aTkF w 



LAC 
[■AC 
J0S 



LPTIMF 



/ 

/TIMt PLAU F'KUM LOAD POINT 

TUTS 7 



TMPDLP 



J rl S n ! N T 

LAC ( 4 ■■> 6 

T All Fu'MVL 

M T I C 

L A -bLLM 

m 1 (', 

SAI) *CLOC 

JMP . + 1 

lb/ LPTlMt 

JMP .-3 

lb"/ 

f I i..'K 

JMP 

JM5 

JMP 

LAO 

DAC 

I. AC 

jrtS 



/fOK U/M* 

/v, TO 1 LOOP CHUMM 

/IjOftJF « 

/MO c NLXI LOG 

/TO 1 OOP COuN I 

/LOG +1 AF TLP F I kbl i 



TO FIPST WORD IN 

/INITIAL! t F WG ANi. GA 
/pFAO 600 HP! 



■l + l 



Trt-'OLP 

. -1 

OHGuPV 

T IMS7-1 

(l-'C LPTIMF 

GTI PPT 

( T f X T 1 4 

TYP£T 



VF. 



/LOAF COMMAND 




/|0 CUMPANF AbAlNbT 


wC 


/GO 




/HEAP F IPbT WOPU YF 1 




/YFS LP PLLAY HAS Go 


^^b. AH AY 


/ + 1 LOOP COUNI 




/HA ! T AGA IN 




/+1 Tu LOUP lb/ 




/GO WLAJY YLT 




/NO W A ! r 




/ijONF ALL OHlVFb 




/NO U iM F X T 




/TO GtT t OOP GOuN 1 f n 


s 


/LAC +1 FVF'KY DrtV AF 


TLP F IPbT 



/TYPF PtAU FROM RUT HtAOFK 



.tJLOl 



» a c; t 17 



ir-l 13/ 


2 14 2 ^ 


01 14H 


1 H 1 6 1 6 


<»in 


0VM0 0^ 


0114? 


00322C 


01 i <i 3 


202751 


.' 1 14 4 


3435?6 


1 1 4 5 


1 14 7 3 


<iU46 


441137 


»v1 14 7 


102730 


/, 1 1 5 


601137 


'! 151 


7 7 3 01 


a .1 1 b 2 


6£ 11 51 



/. 115 3 


7 7 7 7 7 ■■' 


1 1 5 4 


4 1 


*'1 155 


200533 


, , 1 1 5 6 


4 1 1 


0115 7 


16 0011 


01 160 


4 4 0010 


.11161 


601157 


/i 1 1 6 2 


203534 


01 163 


0412/53 


*5 5 164 


203535 


01 165 


4 '■'■> 1 


0116 6 


inn u 


0116 7 


4 1 


01 170 


102776 


01 171 


2 3 5 0? 


01 172 


342750 


01173 


707326 


o 1 17 4 


7 7 3 01 


117 5 


601174 


0117 6 


707314 


01177 


70004? 


012140 


54003? 


id 1201 


7 4 1R00 


12fl2 


601200 


01 203 


441425 


012 4 


601203 



(,T1 PPT 



L AC 
J0S 



LPl'IMt 
TYi'TIM 



T E M 1 3 
LAi' C U 
T A I ? 

J MS 

Is/ 
J its 



<IVE 

(26*1 
T Y1 ASC 

GTLPRT 
CriGOPV 

r, i'iprt 



/ 

/KI A ! T 

/ h H t ^ L 

/LAST C 
/ 



H I 1 K 
J-|P ,-1 

h( Pt''0Pij WRITTEN w II 
a ST 00Kii ruMtS I im T 1 r-0 
hAPACUP TO tHR TIME 



/GF i LOuH CuUNT 
/TYPF TIHL 

/•} CYCLES IN «' i T LutJR 
/TYRF ilKIVF 
/GET uPIVE NUMPtR 
/CONVERT ID ASCI I 
/ + 1 Tu GE1 C0UN1 r',FXl OKI vF 

/liONF ALL OK ! VI 6 

/ivl) TYPE imF XT Ok 1 vl 
/«AKl' surl 
/LAST DRIVE IS kFa'iy 



/ 

HPT 7 A 



IRlitnp 
/ 



LmF 

(■AC 

LAC 

!iAC 

()/!■'■ 

IS/ 

J0P 

LAC 
f)AO 
LAC 
OAC 
LAn 
OAC 

J.1S 

LAC 

TAD 

MILC 

MfTP, 

J .1 P 

M I CO 

ION 

SAli 

SKP 

Ji'iP 

I Si-' 

JMP 



-1 - 

10) 

( LPT IMF 

11 

■ 11 
10 



( I 

Tp 

(J 
1 

-3 
10 



SZ LP I I ME 
'tOK 
•IP TYPFoP 



X IPC 
1 1 .Ni T I L 



1 T F = 1 



/ittpn out 

/LOCA I I ONb 
/COUNl LOW 



T 

I IrH 



/ZEROS 

/NO 



IN ALL 



/TO 
/TO COME tiACK 
/INTf-PRUPl AT 



I OOP 

F K ("■ 
FoP 



C»U«f tOi< 



WW I NT /INITIALIZE 

( 1 2 6 

FU-'IVL 



WC ANO 



OA 
/hFA0 (juO 

/+ u w IVt 



AT 6 f 
ac-P-iLP 



. -1 

1" 

WCLOC 

. -2 

LP! I ME 
.-1 



/WAIT PEAuY 

/GO 

/ENABLE PIE 

/LAST wORu YE I 

/YES STAR I COUNT IlvG 

/wAIT FOP I AS I WORD 

/3 CYCLE LOuP 
/UNTIL MTF=1 ANO Pit 



, EJECT 



j h u iv n s 



P A l, L 



1 6 



r:1 20 5 


70/301 


1 2 -' 6 


00120b 


1 20 7 


20JM6 


01210 


.542750 


ii 1 2 1 1 


7^7326 


01212 


nun 


<J 1 2 1 3 


4 3 2 


1214 


70/304 


»-i 121b 


740000 


•ii 1216 


707301 


01217 


601216 


12 2 


4 4 1 


12 21 


6 0117 0: 


A 1 2 2 2 


441203 


01 223 


102 730 


012 2 4 


6 0116 6 


,;1 22b 


2035,57 


01 226 


1014 4 7 


012 2 7 


2 3 5 4 


01 2,50 


041232 


wl 231 


10 3004 


12 3 2 


201425 


01233 


343541 


012 3 4 


101616 


012 3b 


000001 


01236 


003220 


01237 


062634 


05 240 


442634 


01241 


202751 


01 242 


343b26 


012 4 3 


1014 73 


til 244 


4 412 32 


0124b 


102730 


01246 


601231 


01 247 


707301 


01 250 


601247 



/ Ht- 1 J KM 


Tu TYpf-Liu AFT£lf f 


/ 






T Y V t K 


y 1 T i-i 




J MP 


. -1 




LAC 


(4/600 




TAP 


FU ■-' I V t 




Mitt 






LA0 


-1 




OAC 


WCLUC 




M ft; l 


J 




NiUP 






MITK 




J MP 


. -1 




lb'' 


10 




J MP 


T I ■• r 7 A 




IS? 


TP )EOP 




JMS 


H ( , u P V 




JMP 


Tp-:T7A-2 


/ 








1 AC 


( Tf XT22 




J MS 


TYPET 




LAC 


(LAC LPT I ME 




OAC 


GTFUHT 




JMS 


SI .'KFW 


GTFu<l 


LAf: 


LPTIML 




T AH 


(22 




JMS 


TY=>TIM 

1 

TLXI13 








DACo ti'H T b V 




IS? 


EOPTSV 




LAC 


CO MVt 




TAP 


( 260 




JMS 


TY1 ASC 




IS? 


CTF OPT 




JMS 


ChGURV 




JMP 


GTFuRT-1 




M flK 




JMP 


. -1 



PIl FPOM MT(- PEAP FOP 



/wAIT CU KFAfir 



/ + 1 Tu (,Ou.":f FOh :.;FaT PkV 
/IJONF ALL PKVS 
/NO DU MEXT OHH/E 

/TYPE I, AS I CHAP TO 
/ M T F I K X T 

/ I C L T P I V F T 1 M l 

/LAC +1 Ki 1 ' KACm ul'v 

/PEwIimIj STAkJ 

/GEI IIM 
/MINIMUM UF IB CYLLlS 1 OP Oh 

/COnVEPI A<>a; TYPf 
/3 CYCLES IN LOUP OUf-t ^ TlnEb 

/URl Vt 



/TYPE UHIVF NUMdFh 



.EJECT 



PACE 19 



w 


251 


11 111" 


<o 


252 


»j 4 •;-' i f- 


v 


2 5,5 


2 3 5 4 2 




254 


4 O 1 1 


■i) 


255 


1 6 V 1 1 


a 


256 


4 4 " 1 


vj 


257 


601255 


■/> 


260 


2 3 5 4 3 


11 


261 


J 4 1 3 3 


f 


26 2 


2 3 5 4 4 


,1 


26,5 


,14/; '01 



di 264 


7 7 7 7 7 5 


012 6b 


4 ;-. 3 2 


t- 1 2 6 6 


203^01 


:■.:, ^6 7 


4 ■/ 3 3 


/J 12 7 


2034 75 


01271 


34 2 750 


■•■> 12 7 2 


7 7 3 2 6 


«1273 


7 7 3 4 


01 2 7 4 


203545 


«j 1 2 7 5 


70 7301 


01 2 76 


601275 


12 7 7 


34275M 


v' 300 


707326 


tti3i»l 


707304 


01 30 2 


700042 


01 3<- 3 


441425 


01 3K4 


601303 



01305 
01 3 06 
013 7 
01310 
u i 3 1 1 
01 312 
01313 
0131 4 
01315 
w 1 3 1 6 



707321 
601305 
441303 
102730 
6 012 6 4 
203546 
101447 
203547 
041317 
103004 



/Cl.fc. 
/TO 
/SF I 



AH liU I 6 LOuP CUiJNl LWS 
TIHfc. WRITE LOF TIMF 
UP INTER RETURN FOR WRITE EOF 

LAW -1;- 

AC 10 

t AC (LPT IMF-1 

OAC 11 

l)i«« 11 



13/ 

JMP 
LAC 
DAC 
LAC 
I) A C 



10 

, -2 

( i'Si LPTlMF 

TMWEOF 

(J0P TIMFUF 

1 



/ 

/ N W 
/THt 
T I0T 



W R 1 T t; 
N A.N LO 
SO L 

n 

L 



TMWtOF 



KECO 

AND 
-3 
w C L 
(;■,■<> 
CAl. 
( 44 
FO> 

C 

U 
( 4^ 

K 
.-1 



RD FROM LOaH PUIimT 
TIME EOF S1ART DELAY 
/3 WOpD 
/FOR wC 



00 

HUF- 

UC 

60w 

IVL 



6 0KJ 



1 



FljRlVE 



LPTIME 
.-1 



/ 

/EOF 
/TYP 
TIME 



IS FINIHriEu INTFR RFC!) 
F OUT ACCUMULATED TIMES 
OF M T C R 



J MP 


- j_ 


lb/ 


TMwtOF 


JMS 


OriOuRV 


JMP 


TIMTSO 


LAC 


( IF XT15 


JMS 


TYPET 


LAC 


(LAC LPT IMF 


OaC 


cr*EOF 


JMS 


STPRFw 



RtCORO 



/SE 
/nR 
/ + 
/LO 

/AN 

/WA 

/AM 

/wR 

/ 

/LO 

/bO 



E ODIJ 600 t-sPi 
IVE i\l)KKtt< 

bd 

/UOU IN CASE 9 IR(\ 

FUR RECORD lOWF 
I APT REAOY 
t LOF 60 
i VE 

COMMAND 



/ [ IMF FoK I nTENkUpT 



/TO OCCUR 



/WAIT FOR CU READY 

/■fl LOOP COuNIFr 

/ ij i\i F ALL DRIVFS 

/NO Ou NEXT 

/uRITt END OF F ILt 

/HEADER 

/TO GET LOOP COUNT S 

/LAC IS +1 FOR ivEXT DkIVF 

/REWIND CURRENT OhIVF 



,t JECT 



J H UN 5 



page ? 



1 3 1 7 

01 320 
ji 1 -5 ? 1 
HI 3??. 
01 325 
01324 
0132 5 
id 1 3 ? 6 
03 3?7 
01330 

13 31 
01332 

01 333 
013 3 4 
01 335 
01 336 
ol337 

0134 

■3 1341 
■o 1 3 4 2 
vj 1 3 4 3 
01 344 
1 3 4 1> 
01 346 
01347 
01 350 
01351 
01352 
01353 
01354 
01355 
01356 
01357 
01 360 
01 361 
01 362 
013 6 3 
01364 
01365 
01366 
01367 
01 370 
01371 
03372 
01373 
01374 



2 014 25 
1 1 ft 1 6 

00 3 

003220 
202751 
343526 
101473 
441317 
102730 
6 01316 
707301 

6 013 31 

141425 
141426 

7 7 7 7 7 5 
040032 
20 35 01 
040033 
203475 
342750 
7 7 3 2 6 
70 7 304 
7 7 3 4 1 
013 4 5 
777777 
4 3 2 
203505 
707324 
7 7 3 2 2 
7 7 3 4 
707341 
601355 
777776 
4 32 
2 3 5 50 
707324 
707322 
707304 
203551 
4 01 

777776 
540032 
601370 
700042 
441425 
601373 



; t w e n e 



/ 

TIMTS9 



LAC LP TIME 

JrtS TYPTIM 

3 

TtXT13 

LAC CUNlVt 
(260 
TY1 ASC 
GTWEGF 
CriGUPV 
GTwEOF- 



TAI) 
J MS 
lb? 
JMS 
J f!P 
Ml TK 
J MP , 



DtL"i 

i '■' 
L A K 
DAC 
LAC 

n ac 

LAC 

tap 

MIL 

MTG 
MTS 
JMP 
LAW 
DAC 
LAC 
LCM 
MTA 
MTG 
MTS 
JMP 
LAW 
DAC 
LAC 
LCM 
Ml A 
MIC 

1 AC 
DAC 
I Ah 
SAD 
JMP 
I OK' 
IS/ 
JMP 



.-1 

LPT I ML 
SUT1ML 
-■i 

WCLOC 
CwPaUF-1 
CA1 UC 
( 44600 
FDRIVE 



-1 

WCLOC 

(7000 



/GET LOUP COUNT 

/convert in MiCKO StC rYPt 

/3 CYCLES IN LOUP 

/DRIVE 

/GFT UPV NUM 

/CONVERT 10 ASCI I 

/TYPE IT 

/ + 1. FUR NtXT LOUP COUimI 

/DONE ALL OH IVES 

/NO REWIND THIS ONE 



/CLEAR 2 LOuP CUUivTtRS 

/TO ACCOM SPACE AnO SHUT UOwtM 

/REWRITE IH£ 
/3 WORD RECORiJ 
/FROM LOAU POINT 
/WRITE BOO tsPl 
/+ORIVE NUMbEK 
/LOAD COMMAND 
/AND GO 
/wA IT FOR WRI I E DUNt 

/TO CUUNT 1 ON 
/BACKSPACE 

/CHNG WRI FE TO BACKSP 

/GO AGAIN 



/TO COUNT 2 FOR 



WCLOC /SPACE 
( 6000 



FWU 



(J0P TMSPSO 

1 

-2 

WCLOC 

.-1 

LPTIME 
.-1 



/CHNG BACKSP TO 
/SPACL FWU 
/CLEAR ANU GO 
/WHEN INTR HONE 
/TIME SPACE SHOI 



DOWN 



/wC +1 YEI 

/NO NOT OVER MRS1 RECORD 

/ENABLE EOF INTERRUPT 

/COUNT UNTIL 

/LOOP IS INTfRRUPIEU 



.EJECT 



P A (- L 21 



/NOW It fit' SPACt SHUT UOwN 1 I ML 



,. 1 375 


20350',' 


.11 376 


4 H 1 


»i 13 7 7 


6 1 4 i'i 


/j 14 


4 4 in 


«5l 401 


6 014 


,11 402 


4 414 2 6 


v; 14 3 


707321. 


w 1 4 4 


601375 


,J1 4 05 


103'.'25 


•/; 14 6 


20142 1 - 


,/ 1 4 1 


1 16 1 6 


>i 1410 


3 


w 1 4 1 1 


3 2 61 


/. 1412 


7 7 3 5? 


01413 


1015 6 


ii 1 4 1 4 


201426 


»1 415 


101616 


01416 


000024 


01417 


00 33 00 


.114? 


103-/54 


iA 421 


102 7 30 


/J 1 4 2 2 


o 0i 1 3 3 3 


*>14?3 


6 016 7 4 


14 2 4 





v< 1 4 2 5 


000000 


vi 14 2 6 


W00000 


01 427 


000000 


*i 1 4 3 





t5 1 4 3 1 


00000^ 


01432 


000000 


'12 4 3 3 


000000 


A'' 434 


0^0 



TMSPSU 



F . X T K A 
LPT I ME 
SUT I ME 
TNT I HE 
STPT IM 
0AP5 
(.AP6 
G A P 7 
G A P 6 



t.AC 
PAL 
J. -IP 
16/ 
JMP 

la/ 

MTCrt 

JMP 

JMS 

LAC 

JrlS 



MTi-'ii 
JMS 

J '1 S 



jcis 

J MS 
JMP 
JMP 



( - ', 

Hi 
. +1 

10 
. -1 

SuT 1ML 

TKSPSu 
T Y P R V 
LPT 1Mb 
TYPTIM 
3 
TE<T16 

TY"CO.V 

SjTIMt 

TYPTIM 

?4 

T t X T 1 7 

SIPKFW 

C ri 5 ft V 

TIMTSV 

T 1*556 






.EJECT 



/NOW riMF 
/SPACt SHUT [lO^N 
/ ,v A I T FOP OUPEAOY 
/ I N A 2 0i C Y C L F 
/LOOP 

/STILL SHUT DuWn 

/YES 

/TYPF DRIVE" HlAuFk 

/0FT EOF LAP cnuN'I 

/ i\i V t P T AND I Y H f IT 

/,5 CYCLES I iM LOUP 

/LOH 10 F UF SPACF 

/ALSO TYPE STATUS 

/IN CASE NOT tOF 

/GFT LOOP COUNT 

/FOR SPACE SHUT Dui-MM 

/20 CYCLFS IN Tht LOOP 

/SPACt SHUT riUwfv 

/STAR I KFwlNl) 

/ANY MOKE llrtlVFi. 

/YES UO I ! 

/TIME 5 '.) 6 A ivi 



I ?t 



> J K H n n s 
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1 4 3 5 

01 4 36 
01 437 
«)!44 
>:i 1 4 4 1 
.41442 
14 4 3 
ml 444 
014 4 5 
014 4 6 



i-j 1 4 4 7 
rfl 450 
01 451 
01 452 
0.1 453 
01454 
01455 
01 456 
014 5 7 
01 4 60 
01461 
W1 462 
14 6 3 
01 464 
01 465 
01 466 



6014 35 
775253 
4 016 
2 3 5 01 
4 1 7 
777777 
060017 
440016- 
6 014 4 3 
621435 



6 014 4 7 
416 7 
221670 
441670 
041671 
742020 
74 2020 

7 4 2020 
7 4 202?' 
740020 
503552 
540377 
621447 
101473 
201671 
503552 



ST1 JHP . 

LA'-' -ciLLNTH 

I) AC 16 

LAC U,rtt)UF'~l 

I) AC 1.7 

LAW -l 

A * 17 

IS/ .16 

J Ml- 1 .-2 

JMPe bTl 

/ 

/TYPL Mt.SbAbi HU IT INI- 

/AC=MESaAUt aUOkFSS 



TYP£T 



TYPtT 



J MP . 

HAP TYPUtX 

LaC« TYPDE* 



TYI 
7Y< 



L)L X 
UL X + l 



n a o 

P T k 

DTK 

P I h 

1)1 w 

PAP 

AND (377 

SAO 377 

JriPit IYPLT 

JMS TYJASC 

LAP TYPUEX+1 

AimP (37 7 

.tJtcr 



JKi.NOi) 



PACE 2 3 



«i 14 6 7 


54365? 


54 1 4 7 14 


621447 


14 71 


1014 7 3 


01 472 


6 01"51 



•j 1 4 7 J 


6014 73 


01 4 74 


700406 


,11 4 75 


7 4 ,5 1 


v) 1 4 7 6 


601476 


/j 1 4 7 7 


7 4 2 


1 5 P 


6 214 7-5 



01 501 


6 1 5 0. 1 


/> 15 2 


50.5553 


i) 15 5 


343526 


J j 5 4 


1 </< 14 7 3 


Ol 505 


6 216 01 



01 506 
01507 
01 510 
A 1 5 1 1 
01512 
01 513 
01514 
01515 
01516 
01517 

01521 
01522 
01 523 
015 2 4 



0152 5 
01526 
01 527 
015 3 
015 31 
01532 
01533 
01534 



6 016 06 

4 16 70 
/ 4 2 ■/■ 2 f ■' 

1 4 2" 2 
742020 
041671 
742020 
742020 
742020 
101625 

2 016 71 
101525 
201670 
101625 
6 216 6 



601526 
041447 
7 4 2 0' 2 
740020 
1015 01 
201447 
101501 
Q21525 





SAl' (3/7 




JMP» TYPfT 




J0S TY1ASC 




J MP TYPET+2 


/ 

/TYPF 0; 


vf AbP I I PHAKACTE^ 


/ A C = H A K A C T t f 


TY1.ASC 


.IMP ,. 




TLS 




TbF 

li'iP - 1 




TCf 




J il P ft 1 Y 1 A b C 


/ 




/TYPE 1 


OCTAi. CP-PACTEp 


/AC 16 


in 1 /-ChA" 


TY10C1 


j'-.p . 




A*Pi ( / 




Tap ( 2 r >0 




J0S TY1ASC 




JMP« IY10UT 


/ 




/ T Y p E C u N T E 'Y T b a T A L 


/CONTLNIS Of AC = 1« bfIT UC 


TYPCON 


J/IP , 




PAP TY> J UEX 




HI" 




PIP 




ptp 




n AC TV'UFX + l 




n rp 




N Ik 




P I w 




J MS TY6QC1 




1 A r- TYPOEX + l 




J ■MS TY2UCI 




LAC TYPUFX 




J.-IS TYPUCT 




J.iP» [YPCOw 


/ 




/TYPE 2 


OCTAL CHARACTERS' 


/AC 12 


TO l/=ChAPACl ERS 


TY20CT 


J;1P . 




UaC TYPLT 




P I P 




RAP 




JMS TY1UCT 




LAC TYPET 




JMS TY1UCI 




Ji-iP» TY^OCT 


/ 






.tJECT 



PlUf.REP 



■ JKONOb 



PAGE. 2 4 



sal 535 
1 5 3 6 
rii b37 
v) 1 54 

3 5 41 
01542 
015 4 3 
01544 

01 545 
6i 546 
01 547 
w 1 5 5 
01551 
01552 
01553 
015 5 4 
01555 
a 1 5 5 6 
01557 
01560 
01561 
015 6 2 
01563 
01 564 
01 565 
01566 
01567 
01570 
01 571 
01 572 
01573 
01574 
01575 



601535 
416 7 ■'• 
14157? 
141573 
141574 
2016/1' 
1015 7 6 
041671 
20167'^ 
1015 7 6 
744010 
742010 
742010 
7 4 2010 
7 4 2 1 C 
341671 
416 71 
201573 
041574 
20157? 
041573 
201671 
04157? 
201574 
741200 
60154? 
203554 
101447 
621535 
260260 
260260 
260260 
377377 



/ T Y p E 
/AC = 1 
/CONV 
/ 

TYOEC 



CONTENTS DECIMAL 
» HIT U!-iS I o-'-itD OCTAL NUMBER 
EHT TO 6 ASCII CHARACTERS IN DtCIMAL 



TYDCLP 



TYOECM 



J MI- 
DA C 
f) t M 
f) t M 



'Clin T 



LAC T 
jets T 
DAC T 
I AC T 
J. IS T 
RCI 
Hit. 
NIL 
R II 
ft I L 
TAO T 
I i A C T 
LAC T 
DAC T 
LAC T 
DaC T 
LAC T 
DAC T 
LAC T 
SNA 
JMP T 
L A C ( 
JMS T 
JMP* 
26026 
26026 
26026 
37737 



Y^tiEX 

Y '•■ E C M 
Y-iECM + 1 
YDECM+2 
YPOEX 

Y V E R T 
YPDFX+1 
Y^OE X 
YtftRT 



YPUEX+1 
YPul X+l 

Y : i E C M + 1 

Y itCM + 2 
YiiECM 

Y n E C M + 1 
YP(JE'X + 1 
YOECM 
YDECM+? 

Y0-CLP 

TYPE CM 

YPET 

TYDECI 







7 



/CONVERT LEAST uF ? 



/CONVERT MOST Of 
/POS! I ION IimTU 
/OPPFK 9 BITS 



/COMH 


IDE 


2 DECIMAL 


/DICI 


fS A 


(Ml) SAVE IMtM 


/SHUEI- LE 




/TYPE 


uifT 


] 


/ P S i 


i ION 


DIGITS 



/CONVtPTED 6 Ulbl 
/NO DO 2 MORE 



IS YE T 



/TYPE OUT THE 6 DIGIT; 



.JtCI 



: i- NO b 



PACt 2-3 



J b 7 6 


601b76 


/) 1 b 7 7 


14 16 70 


„ 1 6 


7 4 1 


/) 16 01 


601606 


n1 602 


441670 


o 1 6 i 


-543bbb 


01 604 


74 1100 


1 6 b 


601602 


fc;1.60 6 


i4 l 5bbb 


1 6 7 


741100 


,n 61 


601613 


/) 1 6 1 1 


4 416 7 


1 6 1 2 


6 016 06 


,-) 1 6 1 J 


34^56 


k) i 6 1 4 


6Aib2(-> 


1 6 1 b 


621b76 



/CONVER1 TO litCHAL CHARACTER RuUTIiMl 
/ENTER AC = NUHt)Ft< TO GET TU 9 REmaIMuEk F 
/£ X I T AC = HFMA INUf'K l K > ASCII 

HIT UNSIGNED 



/(TYPQF X) 
TYVERl 



TVRTPL 



:QUOTIEMT 
JMP . 



CiiM 
SMA 
JMP 
lb/ 
TAD 
SPA 
J0P 
TAD 
SKA 
JMP 
IS/ 
J0P 
TAD 
TAD 
JMP « 



TY^UEx 

TVRTPL 
TYPOT X 
(-12 



■12 



TYPUEX 
Ti/^TPL 
(12 
( 26*} 
IYVFKT 



/CLH uUOTHN 
/IS AC START 
/MO JUST CON 
/ + 1 OUOTItNT 
/ - 1 1/) h R U M D I 
/GONE + YtT 
/ivO MAKE nEX 

/-10 

/STILL + 
/M) AC=CH«R 
/ + 1 (JufilltM 
/TRIAL SUuTk 
/ + 1 10 G L T 
/CONVERT 10 
/EXIT A C = A S C 



RU0 

T 

VlRT 

V 

T IkI, 



Suit 



ACTA 
TkUE 
AbCI I 
11 Ul 



G A 1 M 
o I b II 



i,I 



,LJEC I 



tKuNOb 
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/CONVER 1 


LOUP 


Ti-lt TO MICROSECOND 






/THEN Cu 


NVF kT 


Tu DECIMAL ANU 


TYPE I 1 






/JMb+l=0 


YCI tS 


PEP LOOT JMb + 2: 


= TFXT AulJKEbS 


w 1 6 1 6 


6 1 6 1 6 


TYI'T IM 


JMP 


, 




1 6 1 7 


041666 




rue 


T I -1SAV 


/SAVE LOOP COUNI 


3 6 ? 


203557 




LAC 


( IK X T l <> 


/CAR HET LINE FEFb 


01621 


1014 4 7 




J ilS 


TYPET 




til 622 


221616 




LAC- 


» TYPT IM 


/GET CYCLLb PEP LuOP 


01 624 


7 4 0001 




CM A 




' /HAKF- 


016 2 4 


416 6 7 




OAC 


T 1 M S A V + 1 


/SAVF IT 10 MUL 


ul 625 


441667 




lb/ 


TIMbAV+1 


/MAKE 2 CUMP 


01 626 


750004" 




CLA 






01 62 7 


341666 




tad 


TIMSAV 


/+ LOUP PuUNT 


rt 1 6 30 


441667 




lb/ 


TIMSAV+1 


/MUL ENOUGH 


^1 6 31 


601627 




jmp 


. ->' 


/NO +1 AGAIN 


01632 


041667 




n ac 


n « a a v + 1 


/SAVE ACCUMULATED CuUr„I 


01633 


202753 




LAC 


MACHPO 


/TEST FOR CURKFCT M A ChINF 


016 3 4 


741100 




SPA 






01635 


601652 




jr-ip 


TYPTl /CYCLE 1 IMP IS 1.0 uSEC 


01 636 


7 4 01 [A 




KAl 






016 3 7 


7411 0ii 




SPA 






01 640 


6016 4 4 




JrtP 


. + 4 




016 41 


201667 




LAC 


TIMSAV+1 


/CYCLE T ImE lb 1.5 USEC 


16 4 2 


744P20 




P C P 






■Jt 1 6 4 3 


6 01650 




J i-l P 


. * 5 




ta 1 6 4 4 


201667 




LAC 


T 11 S A V + 1 


/CYCLE T 1 ME IS 1.2 UStC 


016 4 5 


101576 




JMS 


TYVEPT 




16 4 6 


201670 




1. AC 


TYPUFX 




016 4 7 


74 4 010 




RCL 






016 5 


341667 




TAD 


T 1 'SAV + 1 




01 651 


041667 




A C 


7 IPSAV+1 




wl 652 


201667 


TYPTl 


LAC 


T P1SAV + 1 


/GET 1 IMF 


01653 


4 4 16 7 3 




Is/ 


TYPFLG 




S41654 


601662 




J,1P 


TYPTXT 




01 655 


101535 




JMS 


TYHECI 


/TYPE IN DECIMAL 


01 656 


441616 




mt 


TYPTIM 


/bTEP AUDRS 


tal c>57 


221616 




LAC" 


• TYPTIM 


/GET I E XT AUDKS 


a 1 6 6 


101447 




JMS 


TYPET 


/TYRF FUNCTION TEXT 


01661 


441616 




IS/ 


TYPTIM 


/STEP EX I 1 


01 662 


777777 


TYPTXT 


LAW 


-1 




01663 


041673 




[)AC 


TY»FLG 


/RESET 10 TYPE 1 


016 6 4 


201667 




LAC 


T I M b A V + 1 


/EXIT AC=riME 


01 665 


621616 




JilPfi 


TYPTIM 


/EXIT 


01 666 


000000 


TIMSAV 









01667 


00 00 











01 670 


000000 


TYPUEX 









01671 


000000 











01672 


000000 











01673 


000000 


TYPFLG 
/ 










CYCLE T1ML 



N E X T 



•EJECT 



JKl.'NOb 



P A G L ?1 



vj 1/143? 
ri l* 1 4 3 3 



/ r a ph 

/NOW 

/AT * 
/WHIT 

/wm t 

/ W k 1 T 
/HKSi J 
/l)Al A 
/5^o 

/LAST 
/tit K 

(.AP1 = 

oap^ = 
/ 



3 
THE" 
t>6 A 
t ST 
E SH 
E ST 
ACL 

TkA 
C H A K 
CHAw 

INP 
KE AT 
GAP6 
GAP"/ 



t U 

SDH 
NO ? 
APT 
UT [l 
APT 
SHUT 
iMSFF 
A C I f 
AC TF 
UT 
LK A 
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2 4 2217 


22173 


727321 


•/) ;■ 1 7 4 


6021 73 


22175 


2 2 3 5 2 1 


217 6 


4 2 3 3 


"2 177 


203575 


,-j; 22i2M 


34 2 75i'i 


.j;-2fil 


7 2 7 3 2 6 


2 2 2 2 


777673 


«) 2 2 3 


242032 


22 204 


203576 


22205 


4 2 01 


,- 2 6 


7 7 3 4 


222^7 


7 2 5 2 



/i)l 



FLAG 

mtsf 

JMP 
LAC 
[JAC 
JMP 
ISr 
J i-i l"' 
Ibf 
H 1 C K 
JMP . 
HACKSPACf 
Hi TK 
JMP .-1 
LAC (4/400 
TAN FlHIVL 
m F I. C 



1 IMF WKI TF ShUT IjOw'M 



.-1 
(-3 

. +1 
1 vl 
, -1 
TKUMt 



/ W A I T f ' L A b 

/20 CYCLF 

/LOOP TO 

/T IMF WH I IE SH'I I uWn 



; 

AND TIMF_ SHUT OU 



-1 
WCI 
( J- 
1 



uc 

P dSU222 



/TlhF 

PSOiH 



LA* 1 
MAC 

l a r: 

I 02 
T G 
JMP . 
HACKSPACF SHUT DOwN 
4 LAC (-3 

I) AC 12 
JMP . + 1 
IS/ 1 J> 
J i'i P . - 1 
lb/ S I -' T I M 

MICK 

JMP Pi0200 
L A r. -6 
2«C 1/ 
l- S c L P M I T K 

J M P . - 1 

LAC <*PBUF-1 

DAC CALOC 

LAC (4U00 

TAI1 FlMlVt 

MTLC 

LAW - w 2 2 

f) AC wCLUC 

LAC (J-:p LP200L 

OAC 1 

Ml f'0 

I U 5 1 



DOWN 
/WAIT 



UKV PuY AbK' 



/HK SPACF 
/+ I)P1V£ 



222 ^»l 



/ h H L M 
/WILL 
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